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Summary 
 
 
 
Australian freshwater environments and the organisms that inhabit them are unique. A 
potential threat to the structure and functioning of organisms within aquatic habitats is the 
presence of anthropogenic pollutants such as organophosphorous (OP) insecticides. The 
application of insecticides to crops within close proximity to freshwater habitats increases the 
likelihood that insecticides will be transported from their sites of application into the 
surrounding aquatic environment. This study evaluated the effects of two insecticides and 
their mixtures on two Australian native freshwater species. The study focused on the 
sublethal effects of these pesticides by investigating the acetylcholinesterase (AChE) activity 
in these species on exposure to the pesticides individually and in mixtures of different 
proportions. 
 
Chlorpyrifos and fenitrothion were the two pesticides used in this study for evaluation. These 
pesticides are currently two of the most commonly used OP pesticides in Australian 
agriculture. Chlorpyrifos and fenitrothion are used both in urban areas and in agriculture to 
control insect pests. The discharge of these OP pesticides contaminates the freshwater 
environment, thus affecting non- target species in Australian freshwaters. 
 
Two Australian native freshwater species (Daphnia carinata and Paratya australiensis) were 
chosen to conduct the study, since they are excellent bioindicators of environmental stress 
and are widely distributed in Australian freshwater environments. These test species are also 
major components of the food chain in aquatic systems. Reduction in the activity of AChE in 
these species could result in reduced fitness in individuals and affect population numbers, 
thereby affecting freshwater food webs. The study aimed to determine if the AChE activity 
of the selected Australian native aquatic invertebrate species could be used as a biomarker to 
estimate adverse effects of OP pesticides in the Australian aquatic environment. 
 
Initially the lethal concentration that affected 50% of the test population (LC50) of 
chlorpyrifos and fenitrothion was estimated for the two crustacean species. The LC50 was 
determined according to OECD guidelines (2004) with modifications as stated for  
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D. carinata and according to the ASTM guidelines (1998) for P. australiensis.  Both test 
species were more sensitive to chlorpyrifos than to fenitrothion. The sublethal effects of the 
pesticides were estimated using the AChE assay, modified from Ellman et al. (1961). The 
assay was first optimised for each species. For P. australiensis, the contribution of 
butyrylcholinesterase (BChE) activity to total ChE (cholinesterase) activity was also 
estimated. The contribution of BChE was very low for P. australiensis and was assumed to 
be the same for daphnids; hence cholinesterase measured throughout the study was assumed 
to be predominantly AChE and is reported as AChE only. 
Each species was exposed to three sublethal concentrations individually and seven mixtures 
of the pesticides at different proportions.  The effect of the pesticides, individually and as 
mixtures, on AChE activity of the two species was evaluated. Exposure to chlorpyrifos 
resulted in a slow and steady decrease in AChE activity, which was dependent on time and 
concentration, whereas exposure to fenitrothion resulted in an immediate dose-dependent 
depression in AChE activity. When both test species were exposed to mixtures of the two 
pesticides, results indicated an antagonistic effect of chlorpyrifos and fenitrothion in relation 
to each other.  
AChE activity of the two test species was very sensitive to exposure to these two pesticides 
and could be estimated accurately. These two species and the depression in their AChE 
activity could therefore be used for biomonitoring sublethal exposure to OP insecticides in 
the environment. D. carinata was more sensitive than P. australiensis, since the AChE 
activity was reduced at lower OP concentrations. AChE is also a useful tool to estimate 
contamination by mixtures of these OP pesticides, although effects of chlorpyrifos and 
fenitrothion are antagonistic and thus maybe less detectable by this biomarker. 
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1 Introduction 
1.1 History of organophosphorous pesticides 
 
Until 1990 predominantly organochlorine pesticides were used throughout the world to 
eliminate a number of insect pests. According to the Australian Academy of Technological 
Sciences and Engineering, organochlorine (OC) compounds are hydrophobic with low water 
solubility and have a high n-octanol - water partition coefficient and are not usually mobile in 
soil and are resistant to environmental degradation (Radcliffe 2002). They are organic 
compounds with chlorine (Cl) atoms attached to the ring structures. These chlorine atoms 
prevent the organic compounds from being rapidly degraded in the environment; thus, these 
pesticides are perpetual and effective for a long period of time after application (ANZEC 
1991). They also dissolve in the body fat of animals and accumulate in terrestrial and aquatic 
environments and degrade slowly due to their physical and chemical properties (Radcliffe 
2002). Hence OCs were banned from use by the 1990s due to concern about their high 
persistence and toxicity in the environment (Flores-Luevano et al. 2003). From then on the 
organophosphorous pesticides (OP) have become the most widely used insecticides in 
Australia and worldwide (Radcliffe 2002).  
Organophosphates were first recognized in 1854, but their general toxicity was not 
established until the 1930s (Pesticide news 1996). Tetraethyl pyrophosphate (TEPT) was the 
first OP insecticide, which was developed in Germany during World War I as a by-product of 
a nerve gas (Pesticide news 1996).  All OP pesticides were derived from phosphoric acid and 
the active part of the OP insecticide is the phosphate group sharing a double bond with either 
oxygen or a sulphur group. They are unstable and break down relatively quickly in the 
environment but they were found to inhibit acetyl cholinesterase activity in animals 
(Pesticide news 1996). Therefore organophosphorous pesticides are capable of inhibiting 
AChE either directly or following bio-transformation. Examples of direct acting pesticides 
capable of inhibiting AChE without bio-transformation are ethoprop, profenofos, fenamiphos 
(Pope 1999). Examples of the pesticides causing AChE inhibition after bio-transformation 
into its metabolites include chlorpyrifos and fenitrothion (Pope 1999). This thesis evaluates 
the effects of these two pesticides. 
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1.2 Significance of the commonly used OP pesticides chlorpyrifos and 
fenitrothion in Australia 
 
In Australia currently about 1,716,173 ha of land is under agricultural use: crops, orchards, 
pastures etc. (Parsons et al. 2006). Considering this high agricultural use the total amount of 
pesticides (including insecticides) is also high, and chlorpyrifos and fenitrothion are among 
the most commonly used (Radcliffe 2002). 
1.2.1 Uses of chlorpyrifos 
 
Chlorpyrifos is widely used both in urban areas and in agriculture to control insect pests. In 
urban areas, according to Radcliffe (2002), chlorpyrifos is used to control pests such as 
termites, cockroaches, ants and silverfish. Chlorpyrifos is also used to control spiders, 
mosquitos, fleas on companion animals as slow-release collars, shampoos and sprays. In 
agriculture, chlorpyrifos and profenofos are used to control the same pests, however 
chlorpyrifos is reportedly preferred over profenofos, since the latter has odor problems. 
According to the National Registration Authority for Agricultural and Veterinary Chemicals 
(NRA) report (2000) relatively high application rates (1.2-1.5 kg/ha chlorpyrifos) are needed 
to control cotton bollworm and native budworm, with most applications made by air. Lower 
application rates are used against pink spotted bollworm (525 g/ha), cotton aphid (150-210 
g/ha) and mites (300-750 g/ha). Chlorpyrifos is applied at planting to the surrounding region 
as a coarse spray, at rates of 750 g/ha for sugarcane to control wireworm and black beetles 
and at a rate of 240-750g to control wireworm and false wireworm in cotton, maize, 
sunflowers and sorghum. The other main agricultural use pattern after cotton and sugarcane 
is the control of brown apple moths and other pests such as wooly aphids in pome fruit 
orchards (NRA 2000).  
1.2.2 Uses of fenitrothion 
 
Fenitrothion is widely used in agriculture and urban areas to control insect pests. According 
to the Australian Plague Locust Commission, activity report 2004-2005, APLC (2006), 
fenitrothion of ultra low volume formulation was used to control nymphal bands and adult 
swarms of Australian plague locusts. Fenitrothion is used on apples, cherries, grapes, lettuce,  
cabbage and tomatoes to control locusts and wingless grasshoppers. The Commission’s 
report 2004-2005 states that they controlled almost 450, 000 hectares of locust infestations  
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during March 2005 in NSW, the largest area controlled in a single year since 1974. 
Fenitrothion is also used to control meal worm infestations in broiler sheds and hide beetle in 
hides and skins. The other vital applications is to control chewing and sucking insects on 
fruits, vegetables, cereals, stored grain and for the control of flies, mosquitoes in public 
health programme and for household use (APLC  2006) 
 
1.3 Structure and mode of action of the two selected pesticides 
 
1.3.1 Chlorpyrifos structure 
 
Chlorpyrifos (O, O-Diethyl-O-(3, 5, 6-trichloro-2-pyridinyl) phosphorothioate) belongs to a 
variety of organophosphorous compounds known as phosphorothioate as shown in Fig.1.1. It 
has been registered for use in Australia since 1965 and globally used in agriculture and urban 
areas (NRA 2000). 
 
 
 
Figure. 1.1. Chemical structure of chlorpyrifos (WHO 1987). 
 
 
Mode of action 
Chlorpyrifos causes AChE inhibition by the metabolic transformation of chlorpyrifos in 
target tissues of animals to its oxon form. According to the Pest Management Regulatory 
Agency, the major routes of chlorpyrifos transformation in the environment are aerobic and 
anaerobic biodegradation (PMRA 2000).  The major transformation products of chlorpyrifos 
in water are 3, 5, 6- trichloro-2-pyridinol (TCP, not a potent AChE inhibitor) and O-ethyl O-
(3, 5, 6-trichloro-2-pyridinol) phosphorothionate (chlorpyrifos oxon), a potent AChE 
inhibitor. 
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1.3.2 Fenitrothion structure  
 
Fenitrothion (O,O-dimethyl-O-(3-methyl-4-nitrophenyl)–phosphorothioate belongs to a 
variety of organophosphorous compounds known as phosphorothioate is shown in Fig.1.2. 
This insecticide was introduced in 1959 by both Sumitomo chemical company and Bayer 
Laverkusen and later by American Cyanamid Company (NRA 2000). Fenitrothion is 
significantly less toxic than parathion with a variety of insecticidal activity that is highly 
similar and thus preferred to parathion in applications. It is considered a cholinesterase 
inhibitor (US, EPA 1987). 
 
 
Figure. 1.2. Chemical structure of fenitrothion (WHO 1995). 
 
Mode of action 
The principal toxic effect of fenitrothion in animals is inhibition of acetyl cholinesterase 
(Busby et al. 1981; Durham and Ecobichon 1986), and subsequently, body tissues levels of 
free acetylcholine rise and acetylcholinesterase activity diminishes upon exposure (Trottier et 
al. 1980; Kobayashi et al. 1983; Nath and Kumar 1999). Initial inhibition is rapid (Escartin 
and Porte 1996) and can be observed in a number of tissues including plasma, erythrocytes, 
and brain (Yoshida et al. 1997). However, dependent on the species affected and its location  
within the habitat, strong inhibition can be delayed, occurring as late as three days after 
exposure (Busby et al. 1991; Busby et al. 1987). Fenitrothion primarily metabolizes through 
oxidation of P=S to P=O rapidly to form fenitroxon, a strong AChE inhibitor. 
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1.4 Pesticide occurrence in aquatic systems 
 
 
Pesticides usually enter into aquatic systems (rivers and lakes) through the runoff and spray 
drift from agricultural applications and urban area usage. According to the “Australia: State 
of the Environment” report (NLWRA 2001), the total water use in Australia for 1996/97 was 
24 100 GL, an increase of 65% from 1985 (AWRC 1987). Seventy-nine per cent of total 
water use was extracted from surface water, while twenty-one per cent was extracted from 
groundwater resources. Seventy-five per cent of water extracted from surface (streams and 
rivers) was used for irrigation and are more vulnerable to contamination by pesticides, as 
most agricultural and urban areas discharge pesticides into surface water systems and they 
move downstream, get dispersed into other rivers, lakes, reservoirs, finally into the ocean 
(NLWRA 2001). The presence of pesticides in surface water has been recognized since the 
1940s (Butler 1969).  
The discharge of OP pesticides into aquatic systems affects non-target organisms as the OPs 
lack target specificity and has been associated with high acute toxicity to a multitude of non-
target organisms (Fulton and Key 2001, Galloway and Handy 2003). Many OP pesticides 
pose threats to such non-target organisms (Odenkirchen and Eisler 1988; Bretaud et al. 
2000), which may lead to adverse effects on the entire ecosystem. Often the organisms 
affected are on the lower levels of the food chain (primary and secondary consumers, such as 
cladoceran and predatory aquatic insects), consequently the producers (algae) can grow 
unrestricted leading to algal blooms, and also the animals on the higher levels of the food 
chain (predators) are adversely affected because of the lack of food.  
There were a number of recorded instances of the occurrence of OP pesticide in the aquatic 
environment and animals. Muschal (1997) discovered 24 µg/L diuron and fluometuron (9 
µg/L) in the Cox Creek, NSW during a storm event. Mortimer (2000) found chlorpyrifos and 
bifenthren (a pyrethroid) at levels sufficient to undermine sensitive organisms such as 
oysters. He detected chlorpyrifos in animals from 3 out of 5 sites - between 0.18 and 0.62 
mg/kg lipid weight (lw) basis, and 0.0055 and 0.023 mg/kg wet weight (ww) basis in oysters 
from canal estates in SE Queensland. Chapman and Stranger (1995) detected chlorpyrifos 
(0.002 µg/L) and endosulfan (up to 0.04 µg/L) in streams at Bairnsdale (Victoria). They also  
detected DDT (0.017 µg/L) and dieldrin (up to 0.02 µg/L) in the streams at Bairnsdale, 
reflecting historical use. Walker et al. (2001) monitored chlorpyrifos after spraying in an 
adjacent orchard in Southern Tasmania. The concentration was about 0.002 µg/L after 3 
hours from spraying, thus chlorpyrifos were intermittently detected during seasonal  
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monitoring in the river.  Crisp (1992) measured fenitrothion concentrations in locusts during 
a locust plague of the pasture in on site of WA and found 100 mg of fenitrothion for 1 kg of 
locusts. 
Schulz and Peall (2001) found 0.01-0.03µg/L of chlorpyrifos in flow-through wetland, 
Lourens River catchment, South Africa from the runoff of agriculture.Whereas Moore et 
al.(2002) found 0.08-1.3µg/L in the flow-through wetland, Lourens River, South Africa from 
the runoff of agriculture.Tanabe et al (2001) found 0.1-1.7µg/L of fenitrothion in Shinano 
River, Japan through runoff from rice fields. 
Thus these incidents show that the application of pesticides in agriculture could be carried 
into the aquatic system through the runoff - dissolved in water and in humic material, or 
adsorbed to soil particles (Willis and McDowell 1982) thus contaminating the aquatic 
environment and affecting the food chains. 
1.5 Toxicity classification 
 
 
Toxicity tests are useful to evaluate the concentration of the chemical and the duration of 
exposure required to produce effects. Toxicity data is mainly derived from the dose-response 
relationship of a chemical and organism tested, and from that  data it is possible to estimate 
the populations of organisms at risk and consider the specific uses or disposal of a specific 
chemical (Murphy 1979). Toxicity data therefore underpins risk assessment of environmental 
chemicals. According to Radcliffe (2002), toxicity classification schemes are used to support 
users in making sense of the many and varied toxicity figures and to provide some overall 
indication of the broad toxicity class of groups of chemicals.  
1.5.1 Definitions of acute lethal, sub acute and chronic toxicity 
 
Toxicity studies can be classified as acute, sub-acute and chronic; they are carried out under 
controlled and reproducible laboratory conditions. According to Radcliffe (2002) acute lethal 
toxicity is defined as the median lethal dose (LD50) or median lethal concentration (LC50), of 
the substance that kills 50% of test organisms within the given period. Whereas sub-acute 
toxicity determines the effects of long-term exposure of test species to toxicant 
concentrations much lower than the lethal levels.  The effect may produce conditions that 
would interfere with some of the normal life functions of the organisms rather than killing 
them directly (Lower and Kendall 1990). Chronic toxicity tests are defined as tests that last 
for a longer time than acute tests, depending on the reproductive cycle of the test animal 
(Rand 1995). Accordingly, chronic toxicity is usually measured as the EC50, the 
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concentration that causes the nominated action (effect) on 50% of the organisms exposed 
within the given time, usually due to several consecutive exposures over several weeks, 
months, or years. Thus both acute and chronic effects have the potential to affect populations 
and communities of organisms and the effects may be direct such as death, impairment of 
growth, genetic defects or indirect such as depletion of food or oxygen supplies (Radcliffe 
2002). 
1.5.2 Importance of the acute lethal toxicity studies  
 
Despite the fact that acute toxicity studies are carried out under controlled (and presumably 
reproducible) laboratory conditions, there are wide variations in LC50 values, obtained from 
different laboratories even for the same species (White and Champ 1983). Hence it is always 
better to perform one’s own acute lethal toxicity test of a chemical for a particular species 
before carrying out further sub-acute or chronic toxicity testing. 
As chlorpyrifos and fenitrothion are among the most commonly used OP pesticides in 
Australia, it is important to determine the LC50 of these pesticides for the commonly found 
Australian fresh water biomonitoring species such as Paratya and Daphnia, as the aquatic 
system maybe prone to contamination by these pesticides, due to their extensive use in 
agriculture and urban areas. 
A study conducted by Zalizniak and Nugegoda (2006) investigated the effects of sub-lethal 
concentration of chlorpyrifos on populations of D. carinata and concluded that 48-h LC50 for 
Daphnia carinata was 0.512 ± 0.062 µg/L.  Whereas, Pablo et al. (2008) reports, in her 
study, that the 48-h LC50 value for CPF for D. carinata was 0.09 µg/L, which was 
significantly less than the value of 0.51 µg/L as reported by Zalizniak and Nugegoda (2006). 
This is probably because she used cladoceran culture water from Sydney mains water and not 
the medium as used by Zalizniak and Nugegoda (2006). Caceres et al. (2007) studied the 
toxicity of chlorpyrifos to several species of Daphnia and the compound showed a wide 
range of variation in toxicity to different species of Daphnia, ranging from 0.06 to 169 µg/L. 
The authors suggested that the toxicity varies depending on the species; and in the case of  
D. carinata, the 48-h LC50 values were found to be 0.24 and 0.30 µg/L in artificial 
cladoceran water and natural water from local sub-urban streams respectively. The toxicity of 
chlorpyrifos to Daphnia is probably linked to the inhibition of the enzyme 
acetylcholinesterase caused by the action of OP pesticides (Zobov et al. 2005). 
Olima et al. (1997) conducted toxicity tests for P. australiensis collected from 3 sites (the 
Colo River, the South Creek, and the Parramatta Lake) in Sydney; acclimatized to laboratory 
conditions for 15 days, then they conducted exposure experiments with chlorpyrifos for 96-h  
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and reported that for P. australiensis from the Colo River the LC50 was 0.08 µg/L, for shrimp 
from the South Creek LC50 was 0.94 µg/L and for those from the Parramatta Lake it was 0.28 
µg/L, which shows different LC50 values for the same species from different locations, which 
implies that the LC50 value depends on the environmental condition as well as testing 
laboratories. Thus from the previous studies, we can conclude that it is important to conduct 
acute lethal toxicity studies first before proceeding to further investigations as there would be 
wide variations in some test results from different laboratories (White and Champ 1983). 
 
1.5.3 Toxicity of mixtures – definitions 
 
The application of insecticides as mixtures in preference to the application of single 
insecticide started as a result of insects quickly developing tolerance to a single pesticide, 
while succumbing to the mixtures that target different sites simultaneously.  This in turn led 
to the increase in the likelihood of organisms encountering insecticide mixtures in aquatic 
environments (Peterson and Batley 1991; Leonard et al. 1999, Woods et al. 2002). The 
toxicity of mixtures has become a prominent environmental concern, since the interaction of 
mixtures in the aquatic environment may lead to toxicities which do not occur with 
individual components (Conolly 2001). 
The toxicity of xenobiotic mixtures may vary according to the physical and chemical 
properties of both the organism and the toxicant (Raymond 2007). The relationship between 
toxicants in a mixture compared with their individual toxicities maybe described as additive, 
synergistic, potentiation or antagonistic (Walker et al. 1997). 
 
Additive: 
The combined effects of two chemicals are equal to the sum of the effects of each agent 
given alone (Walker et al. 2001a). 
 
Synergistic: 
It is a substance which produces no toxic effect itself, but when administered in conjunction 
with another substance which is toxic it makes the latter much more toxic (Walker et al. 
2001a). 
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Potentiation: 
The combined effects of two chemicals are greater than the sum of the effects of each agent 
given alone, (Walker et al. 2001a). 
 
Antagonistic toxicity 
When one chemical, reduces the toxicity of the other chemical in the mixture more than 
twice, (Walker et al. 2001a). 
 
 
1.6 Biomarkers 
 
A ‘biomarker’ was originally defined as any biochemical, histological, or physiological 
alteration or manifestation of environmental stress (NRC 1987). Biomarkers help to predict 
the impact of a toxicant on the individual organism and preferably through to a population, 
community or ecosystem level. The main advantage of the use of biomarkers is their 
relevance to living organisms and the effect of contaminants in the living organisms. 
They were classified as biomarkers of exposure to toxicants, biomarkers of effects of 
exposure, and biomarkers of susceptibility to the effects of exposure (Peakall and Shugart 
1993). This definition has been challenged by various authors (Adams 1990; McCarty and 
Munkittrick 1996; Engel and Vaugham 1996) and the term biomarker is now used primarily 
to reveal the biochemical sublethal changes, resulting from individual exposure to 
xenobiotics. 
Biomarkers can be measured in cells, body fluids, tissues, or organs in animals or plants and 
can reflect changes to a biological system from an exogenous exposure, before a toxic effect 
manifests itself at a higher level (Forbes and Forbes 1994).  
1.6.1 Biochemical biomarkers 
 
Biochemical biomarkers are considered the most promising tools for ecotoxicological 
applications (Peakall and Walker 1994; Adams 2002) as they  measure changes at the 
toxicokinetic level (inhibition of enzymes that metabolise xenobiotics) and can be used to 
monitor events that precede the interaction of a chemical with its site of action. Some of the 
biochemical biomarkers are catalase (CAT), glutathione-S-transferase (GST) and 
cholinesterase (ChE). These biomarkers provide measures of the potentiation of toxicity at 
the toxicokinetic level, when dealing with mixtures of chemicals.  
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1.6.1.1 Acetylcholinesterase: (enzyme biomarker) 
 
Acetylcholinesterase (AChE) is an enzyme found mainly at the neuromuscular junction and 
cholinergic synapses in the central nervous system of animals, and its activity serves to 
terminate synaptic transmission. The inhibition of this enzyme can occur by the action of an 
organophsphorous insecticide. Since this reaction is substantially immutable for many 
pesticides (Greig-Smith 1991; Zinkl et al. 1991), percentage inhibition of 
acetylcholinesterase activity can be used as an indicator of exposure of an organism to 
organophosphorus pesticides for a considerable period after the contaminant itself is 
metabolized, or eliminated from the organism's body (Greig-Smith 1991; Zinkl et al. 1991). 
Many studies have correlated the inhibition of this enzyme with sub-lethal responses to 
organophosphorus and carbamate pesticides (Escartin and Porte, 1996; Fornstrom et al. 1997; 
Hamza-Chaffai et al. 1998; Ibrahim et al. 1998). The reactivation of AChE after inhibition by 
organophosphate is so slow, that it is considered irreversible; therefore, recovery can only 
occur with new enzyme synthesis (Bocquene and Galgani 1998, Connell et al. 1999, Fulton 
and Key 2001). Hence AChE serves as a biochemical indicator of toxic stress and is a 
sensitive parameter for testing water quality for the presence of various toxicants affecting its 
activity (Bocquene et al. 1990; Narbonned et al. 1991; Kirby et al. 2000). 
1.6.1.2 Butyrylcholinesterase (pseudocholinesterase) 
 
Butyrylcholinesterase (BChE) is an enzyme similar to acetylcholinesterase and is a non- 
specific cholinesterase found mainly in blood plasma, it is also distributed in tissues, in 
species-specific patterns. It hydrolyses hydrophobic and hydrophilic carboxylic or 
phosphoric acid ester containing compounds. BChE can be considered as endogenous 
scavengers of acetylcholinesterase compounds. BChE detoxifies these chemicals before they 
reach acetylcholinesterase at physiologically relevant target sites (Cokugras 2003).  
Rodriguez-Fuentes et al. (2008) observed that BChE contributed 37% into the total ChE 
activity in the muscle of flat fish, but when considering the BChE activity in invertebrates, 
there is no data available. 
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1.6.2 Effect of chlorpyrifos and fenitrothion on AChE activity of different aquatic  
organisms 
 
To assess whether AChE can be used as a tool to estimate the adverse effects of OP 
pesticides on different aquatic organisms the following studies were taken into consideration. 
A study conducted by Gagnaire et al. (2008) showed that when the fresh-water snails 
Potamopyrgus antipodarum and Valvata piscinalis were exposed to chlorpyrifos, the 
pesticide induced no effect on V. piscinalis ChE activity. In contrast P. antipodarum ChE 
activity was significantly decreased by environmentally realistic chlorpyrifos concentration 
(2.86 and 14.2 µg/L) after 7 days of exposure. Hence they concluded that P. antipodarum 
may be employed as a biological indicator for assessing pesticide contamination. It is 
therefore possible that there can be inter-specific differences in effects on AChE within the 
same taxonomic group. 
Buchwalter et al. (2004) conducted a study on AChE activity in the second and fourth instar 
of Chironomous riparus after exposure to chlorpyrifos and concluded that AChE depression 
was found more in fourth instar homogenate, compared to the earlier instar. This indicates 
that the effect of the pesticide on AChE activity differs in different developmental stages. 
Xuereb et al. (2007) studied ChE activity in Gammarus pulex on exposure to chlorpyrifos 
under in-vitro and in-vivo conditions. There was a strong inhibition (94%) of AChE activity 
on exposure to chlorpyrifos at a concentration of 2.86 µg/L for 96 h. According to Day and 
Scott (1990) and Printers and Callaghan (2003), the G. pulex mortality rate is directly related 
to AChE inhibition, and mortality occurs when AChE inhibition is higher than 50%.  
However, the relationship between mortality and AChE activity does not exist for all 
invertebrate species (Escartin and Porte 1996; Fulton and Key 2001; Varo et al. 2002), as the 
mode of action of the pesticides are species specific. 
Olima et al. (1997) studied the effect of AChE activity in Paratya australiensis obtained 
from three sites (the Colo River, the South Creek, and the Parramatta Lake) and exposed 
them to chlorpyrifos for 96 h. They concluded that AChE activity in shrimps from the 
Parramatta Lake and the South Creek was significantly higher than that of the P. 
australiensis shrimps from the upper Colo River. Thus the shrimp inhabiting the polluted 
areas may be more tolerant to chlorpyrifos than those in unpolluted areas. 
Kuhn and Streit (1994) studied the effects of AChE activity in Gammarus species (a very 
sensitive aquatic invertebrate) to OP pesticides such as fenitrothion and found a strong AChE 
inhibition after a 24 h exposure to very low concentrations (1-6 µg/L). 
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Somnuek et al. (2007) investigated the effect of AChE activity in brain, liver, muscle and gill 
tissues of Ictalurus punctatus (catfish) on exposure to sub-lethal concentrations of 
chlorpyrifos and a carbamate pesticide carbaryl. The authors found AChE inhibition in the 
brain of catfish to be more sensitive to chlorpyrifos and carbaryl than in other tissues. The 
AChE inhibition increased rapidly within 24 h after exposure to the sub- lethal concentration 
of both insecticides and remained almost constant at 48 h and the recovery of AChE activity 
in fish exposed to chlorpyrifos was slower than that of carbaryl. These results show that 
AChE can be a useful tool to estimate the adverse effects of OP pesticides in most species. 
 
1.7 Bioindicators and biomonitors 
 
Bioindicators are used to monitor the cumulative effects of different pollutants in the 
ecosystem. Bioindicators are defined as an organism whose presence indicates certain more 
or less well-defined environmental conditions (James. Wilson 1994). Sentinels are used in 
monitoring pollutants in the environment and as standardized test organisms in laboratory 
based ecotoxicology investigations (Lam and Gray 2003). The term biomonitor was used to 
define organisms which can be used to establish geographical and temporal variations in the 
bioavailability of contaminants by measuring the accumulated concentrations of chemicals in 
the whole body or a specific tissue (Rinderhagen et al. 2000). 
Crustaceans offer excellent opportunities to derive sensitive and ecologically relevant 
indicators of environmental stress (Persoone 1998). Crustaceans are often used as 
bioindicators and biomonitors in various aquatic systems. The reason is that they are an 
immensely successful group of animals distributed in a number of different habitats such as 
marine, terrestrial, and freshwater environments; they are easy to capture and maintain in the 
laboratory, are of a convenient size for handling, and can also be used as an indicator to 
judge the potential effects of the contaminants in the environment (Lower and Kendall 1990).  
 
 
1.7.1 Test species 
 
Many test methods are available that aim at determining the toxicity of pesticides, other 
chemicals, and effluents to aquatic organisms. These tests use organisms that are sensitive to 
pollutants like Daphnia, amphipods, and standard fish species like rainbow trout or blue gill 
sunfish. 
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Daphnia 
 
Daphnia (Cladocera, Crustacea) is commonly known as “water flea”. They are one of the 
most common test organisms used in ecotoxicology and were among the first animals to be 
used for investigation of aquatic pollution (Barnes 1987; Baudo 1987). Daphnia inhabit 
permanent and ephemeral lentic environments such as lakes and ponds and are widely 
distributed across the world, including Australia (Barnes 1987; Shiel 1995). Generally they 
are referred to as Cladocerans belonging to class Branchiopoda (Diplostraca), order 
Anomopoda, family Daphniidae, and genus Daphnia: (Barnes 1987; Shiel 1995). 
There is an abundance of ecological and biological literature of daphnids. Their wide 
geographical distribution worldwide, their ease of culture under laboratory conditions, and 
their sensitivity to anthropogenic substances make them exellent research tools to assess the 
impacts of toxicants on non-target aquatic organisms.  
They filter-feed on particles found floating in the water such as phytoplankton and decaying 
organic material, but their predominant food are free-living algae. Under favourable 
conditions daphnids reproduce parthenogenetically - females produce clutches of clonal 
female offspring without the need for male gametes (Zaffagnini 1987). Parthenogenetic eggs 
develop in a brood chamber under the carapace (Zaffagnini 1987). Maturation and 
development time varies depending on the species and environmental factors such as 
temperature and nutritional state (Threkeld 1987). Males appear in the population as a 
response to unfavorable change in environmental conditions. Sexual reproduction results in 
fertilized eggs that form an ephippium which is released during moulting. These ephippia are 
resilient egg cases that can withstand stress such as desiccation and through this reproductive 
stratergy Daphnia can survive in dynamic environments (Zaffagnini 1987). 
Daphnids typically inhabit slow or no flow regions of fresh waters such as billabongs and 
backwaters of rivers and streams. Julli et al. (1990) argued that D. carinata is an unsuitable 
species for ecotoxicological bio-assays as a result of problems with their survival and 
reproduction, but in contrast Barry et al. (1995) observed D. carinata to be amenable to 
laboratory condition. 
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Figure. 1.3. Parthenogenic female of Daphnia carinata. 
 
Daphnia possesses a single compound eye, biramous antennae and leaf like limbs inside the 
carapace, which carry food and oxygen to the mouth and gills. The carapace covers the body 
and thoracic appendages and is used as a brood chamber. The abdomen and post abdomen is 
usually bent forward under the thorax as seen in Fig.1.3. Males are distinguished from 
females by their smaller size, larger antennules, modified post abdomen and first legs, which 
are armed with a hook used in clasping. The life span of daphnids is highly variable 
depending on the species and environmental conditions, such as temperature, pH, salinity etc. 
 
1.7.1.2 Paratya australiensis 
 
P. australiensis is easy to maintain in the laboratory, and act as an excellent bioindicator to 
environmental stress conditions. Hence it is often used in environmental research (Olima et 
al. 1997). It is the most widely spread, common freshwater shrimp in Australia. They do not 
grow large - only about 45 mm long, head to tail and they are transparent in color as shown  
in Fig. 1.4. They belong to class Malacostraca, order Decapoda, family Atyidae, genus 
Paratya, species australiensis (OZCAM 2008). 
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Figure.1.4. Adult Paratya australiensis (from http://www.aquablueseafoods.com.au/other-
glass-shrimp.shtml). 
 
These shrimps live in fresh water and are a valuable food source for most fishes and other 
animals. They are the base of the trophic chain, since they feed on detritus and plant material. 
Glass shrimps (as they are commonly known) are prolific breeders, breeding all year round. 
Eggs are held by the female under the tail similar to a yabby. The female nurtures and 
protects the eggs until they hatch, then become planktonic animals that drift in the water 
column until they grow and moult into miniature glass shrimps.  
These test species are a major component of the food chain in an aquatic system. Any 
reduction or change in enzyme activity in their species could result in reduced fitness in 
individuals and can affect population numbers. They can also be used for biomonitoring the 
health of freshwater systems (Olima  et al.1997).                                                                                        
 
1.8 Aims of the project 
 
The major aim of the project was to determine whether the AChE activity of the selected 
Australian native aquatic invertebrate species can be used as a tool to estimate adverse effects 
of OP pesticides in Australian aquatic environments.  
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The specific aims of the project were to: 
 
1. Determine the lethal concentration (LC50) of two organophosphrous pesticides 
studied – chlorpyrifos and fenitrothion – for two crustacean species Daphnia 
carinata and Paratya australiensis as a baseline for further studies on sublethal 
effects, 
2. Study the effect of the sublethal concentrations of the two pesticides on the AChE 
activity of the both crustacean species in short-term exposures. This included 
optimization of the assay method, 
3. Investigate the contribution of BChE (Butyrylcholinesterase) to the total ChE 
(Cholinesterase) activity in P. Australiensis, 
4. Study the effect of different ratios of mixtures of the two pesticides on the AChE 
activity of both crustacean species, and 
5. Provide analysis and recommendations based on the results of the project on the 
suitability of the invertebrate species to be used as biomonitors of the selected 
pesticides in aquatic systems. 
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2    General materials and methods 
2.1  Culturing procedures for Daphnia carinata 
 
2.1.1 Source of animals 
Animals were collected from the fresh water lake at Latrobe University, Victoria, Australia.  
In the current study the Daphnia species was identified as Daphnia carinata according to 
Benzie (1988). Mass culture of Daphnia carinata was used to obtain adults for testing. 
 
2.1.2 Culturing conditions 
Daphnids were grown in a synthetic medium (see Appendix 1) at 18±10C with a 12 hour 
light/dark cycle. Commercial aquarium sea salt Ocean nature (Aquasonic) was used as 
medium base for daphnids. This salt has a complex mix of essential elements required for 
daphnid nutrition and has been used elsewhere for culturing Daphnia carinata (Dixon 2005). 
A solution of 0.5 g/L in Milli-Q water was enriched with selenium and carbonates. The 
concentration of carbonate ions was increased to be within the range of natural habitat of 
Daphnia (Environment Canada 1990). Selenium is a crucial trace nutrient for the effective 
functioning of many enzymes in Daphnia, particularly those involved in reproduction and 
cuticle maintenance (Elendt and Bias 1990). The growth medium was aerated for 24 hours 
prior to use and pH was adjusted to 7-7.8, if needed. 
 
Cultures were maintained in acid-washed 1-L tanks, each containing 50 mature parthenogenic 
females. Half of the medium was replaced with fresh medium twice a week and the animals 
were fed at this time. Neonates were transferred into a fresh medium (50 animals/L) and left 
to grow for use in the exposure experiments. The same regime of maintenance was used for 
these animals in terms of medium change and feeding. 
 
2.1.3 Feeding 
Daphnids were fed with suspension of Chlorella protothecoides twice a week during change 
of medium, so that the final concentration of algae in daphnid culture was 2.5 x 105cells/cm3. 
The algal density was determined with the aid of haemocytometer. 
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2.1.4 Handling of organisms 
Plastic half cut/ blunted disposable transfer pipettes with wide opening were used to handle 
daphnids to avoid any damage. 
2.2 Maintenance of algal culture 
 
Chlorella protothecoides was used as food for daphnids. Batch cultures were used for 
maintenance of the alga, grown in conical flasks on a light-table. Sub-culturing was 
conducted once a week in Tamiya medium (Vasser 1989). For the recipe of the medium refer 
to Appendix 1. 
2.2.1 Source of algal species 
The unicellular freshwater green alga Chlorella protothecoides (Fig 2.1) was obtained from 
NMIT, Victoria, Australia. 
 
 
 
Figure 2.1. Chlorella protothecoides from http://www.aquaportail.com/ 
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2.2.2 Culturing procedure 
Tamiya medium was prepared fresh and autoclaved immediately at 1210C for 20 minutes, 
then the medium was allowed to cool. During autoclaving the pH of the medium drops down 
and returns to pH 5 (Vasser 1989) after cooling. 
 
Algae were cultured in cotton-stoppered 500-mL Erlenmeyer flasks with sterile Tamiya 
medium, on a light table with continuous luminosity 3260 ± 10 lux and temperature 25 ±10C. 
Cultures were aerated continuously with cotton wool filtered air. 
 
Algal cultures were sub-cultured by inoculating of fresh Tamiya medium with a 10 mL 
aliquot of the 7 day old algal culture. For preparing the feed, a week old C. protothecoides 
cultures were centrifuged at 6000 rpm for 2 minutes, supernatant discarded and the 
precipitate resuspended with D. carinata medium. If required, the feed was stored at 40C for 
future use.  
 
2.3 Maintenance of Paratya australiensis 
 
2.3.1 Source of animals 
Adult animals were collected from the Yarra River (Taroona Reserve, Warrandyte, Victoria, 
Australia), and held in the laboratory for use in experiments. 
 
2.3.2 Maintaining and handling the animals 
Dechlorinated, carbon filtered and aged Melbourne tap water [hereafter referred as wet lab 
water (WLW)] was used as dilution and holding medium for P. australiensis. For typical 
composition of WLW see Appendix 1. Wild animals were slowly acclimatised to WLW by 
initially placing 75 animals in ~10 litres of water in a 15-L tank (7 litres of river water + 3 
litres of WLW) for 4-5 days. Then 3 L of this water was replaced with 3 L of fresh WLW. 
The same procedure was repeated once more after 3 days. Finally about 25 animals were 
placed into a 5-L tank with WLW only and held at laboratory conditions:  pH 7-7.4, 
continuous aeration, and temperature 15±10C with 12 hour light/dark cycle.  The animals 
were handled using a net or a spoon to avoid damage. 
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2.3.3 Feeding 
A daily feed of 50 mg of brine shrimp pellets per 10 P. australiensis was provided to the 
animals. 
 
2.4 Experimental design 
 
2.4.1 Pesticides data: fenitrothion and chlorpyrifos 
 
The organophosphorous pesticides fenitrothion and chlorpyrifos were obtained from Nufarm 
Australia Ltd, diluted to the required concentrations and used for each experiment. The stock 
solutions were prepared fresh for each experiment. The formulations for each pesticide are 
given in Appendix 2. 
                                                                               
In this study the measured concentrations of the pesticides were determined from their stock 
solution as the nominal concentrations of the pesticides used in the experiments were too low 
to detect using HPLC or plate assay method. In the experimental exposures media were 
replaced every 24 hours, therefore to ascertain how much the concentrations of the pesticides 
varied within 24 hours, their concentrations in the stock were measured at the start of 
exposure and after 24 hours.  
 
The geometric mean was determined as Cm = √Ci · Cf, where 
              Cm- mean concentration 
              Ci - initial concentration 
              Cf - final concentration 
 
Then this geometrical mean was compared with the nominal concentration of the stock 
solution. 
The results of this measured concentration are presented in section 4.1. 
 
As the difference in measured and nominal concentrations retain was minor and both 
pesticides did not degrade noticeably during 24h, nominal concentrations of pesticides are 
used throughout the study. 
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2.4.2 Preparation of glassware 
 
All glassware was soaked in 10% Pyroneg detergent bath for 24h and then soaked in 5% 
nitric acid followed by 5% acetone solution for 24h, washed in a dishwasher, rinsed with 
distilled water and air dried.  
    
2.4.3 Determination of LC50 for D. carinata and P. australiensis  
 
For Daphnia, OECD guidelines for testing of chemicals (2004) were followed with stated 
modification. Since sub-lethal toxicity in the subsequent tests on AChE activity used adult 
daphnids, it was necessary to determine the LC50 using adult daphnids instead of neonates. 
The medium used is given in Appendix 1. The temperature was maintained at 18 ±10 C and 
photoperiod of 12-h light/dark cycle. All tests for P. australiensis were carried out according 
to the ASTM standard guidelines for acute toxicity test on test materials with fish, macro 
invertebrates, and amphibians (ASTM 1998) with constant temperature 15 ±10 C and 
photoperiod of 12-h light/dark cycle. The pesticide concentration lethal to 50% of the 
population (LC50) within a specified time was determined for each animal species with each 
pesticide by testing a range of pesticide concentrations. Mortality was determined every 24 
hours and recorded. Three replicates per treatment and 10 animals per replicate were used in 
both Daphnia and Paratya experiments (Table 2.1). Based on LC50 3 sub lethal exposure 
concentrations were chosen for individual pesticides and 5 concentrations for mixture to 
determine AChE activity for D. carinata and P. australiensis. 
 
 
  Table 2.1. Range of concentrations used to determine LC50 for D. carinata and P. 
australiensis. 
 
Species Time of 
exposure, h 
No of 
treatments 
Range of 
fenitrothion 
concentration, 
µg/L 
Range of  
chlorpyrifos 
concentrations, 
µg/L 
Volume/ 
replicate, 
mL 
Daphnia 
carinata 
48 12 0.05-5 0.001- 0.025 200 
Paratya 
australiensis 
96 12 0.01-5 0.001- 3 500 
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2.5 Estimation of AChE activity 
2.5.1 Preparation of pesticide mixture 
 
Three different sub-lethal concentrations (0.065, 0.13, and 0.65% of LC50) of individual 
pesticides (Table 2.2), and 7 mixtures of both pesticides at different proportions (Table 2.3) 
were chosen to expose both species and the exposures were conducted in 5-L glass tanks. For 
the individual pesticides, the results of AChE activity were used to calculate the EC50 – 50% 
reduction in the activity compared to the unexposed animals for the same exposure time. 
 
To estimate mixture toxicity, two pesticides chlorpyrifos (C) and fenitrothion (F) were mixed 
in different proportions, to give the final toxicity of each mixture of 1 TU. The toxic unit of 
the mixture (TU mix) is the sum of ratios of the measured concentration of a chemical in a 
mixture to the corresponding effect concentration of the single compound in the same 
medium (Di Toro and Mc Grath 2000). 
Then the toxicity of the mixture was determined as follows: 
                                                   
        Cc / LC50 c   +   Cf / LC50 f   = 1TU, 
 
Where C   - concentration of a pesticide 
                    c   - chlorpyrifos 
   f   - fenitrothion 
                        TU - Toxic Unit 
                                    
Seven different mixture ratios of C and F (C:F – 0:1 (which is effectively LC50 of 
fenitrothion), 1:3, 1:2, 1:1, 2:1, 3:1 and 1:0 (LC50 of chlorpyrifos)), were chosen for the 
AChE inhibition experiment and the experiment was carried out as shown in the Table 2.3. 
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Table 2.2. Experimental design for AChE inhibition experiment on exposure to individual    
pesticides. 
 
Species Fenitrothion 
concentration, 
proportion of 
LC50 
Chlorpyrifos 
concentration, 
proportion of 
LC50 
Replicates/ 
concentration 
Animals/ 
replicate 
Volume, 
L 
D. carinata 0.065, 0.13, 
0.65 
0.065, 0.13, 
0.65 
5 10 2 
P. 
australiensis 
0.065, 0.13, 
0.65 
0.065, 0.13, 
0.65 
4 10 2 
 
 
 
Table 2.3. Experimental design for AChE inhibition experiment on exposure of mixtures. 
 
2.5.2. Exposures of D. carinata and P. australiensis 
 
In the case of daphnids, adults without broods were used for the experiment. Water in the 
tanks was renewed every 24 hours for 48 h (duration of exposure), and no feed was 
provided during the experiment. 
 
P. australiensis of approximately 1.5 cm size were used for the experiment. Water in the 
tanks was renewed every 24 hours for 96 h (duration of exposure). Feed was provided daily 
to the animals one hour prior to the renewal.  
 
 
Species Experiment Mixture ratios 
      C:F 
Replicates/ 
concentration 
Number of  
animals/replicate 
 Volume, 
L 
D. carinata 1 0:1, 1:3, 1:2, 
1:1, 2:1, 3:1, 
       1:0 
4 
 
10 2 
P. 
australiensis 
 
1 0:1, 1:3, 1:2, 
1:1, 2:1, 3:1, 
1:0 
4 10 2 
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For both animals after exposure to the pesticide, three samples were collected at 24-h 
intervals, followed by homogenisation, centrifugation of the samples for the AChE assay 
samples and stored at -800C. 
2.5.3 Cholinesterase assay 
 
Preparation of chemicals 
Phosphate buffer: 0.1 M pH= 7 and 8: 
0.1 M solution of monobasic sodium phosphate, and pH was adjusted with 0.1 M of dibasic 
sodium phosphate.  
Reagent: 0.01M of di-thio-bis-nitrobenzoic acid (DTNB): 
39.6 mg of 5, 5- di-thio-bis-nitrobenzoic acid diluted in 10 mL of 0.1 M phosphate buffer 
pH=7, then 15 mg of sodium bicarbonate was added for 10 ml of solution to maintain the 
pH. 
Substrate: 0.075 M of acetylthiocholine iodide:   
21.68 mg of acetylthiocholineiodide diluted in 1 mL of 0.1 M phosphate buffer pH=8. 
Specific Butrylcholinesterase inhibitor: 2mM iso-OMPA (tetraisopropyl 
pyrophosphoramide): 
6.85mg of iso-OMPA was diluted in 10mL Milli-Q water   
Enzyme Source: Tissue supernatant. 
 
The principle of the method is to measure the rate of production of thiocholine as acetyl 
thiocholine is hydrolysed, as shown by the following reactions explained by Ellman et al. 
(1961). 
                                         
Acetylthiocholine                     (enzyme)                             thiocholine + acetate 
 
Thiocholine + di-thio-bis-nitrobenzoic acid                                             Yellow colour   
                                                                                                            (measured at 405nm)    
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The assay was optimised at the start of the project and optimisation is described in Chapter 3. 
                          
Method 
About 50-100 daphnids were weighed and wet weight was noted. The Daphnia were 
homogenised in ice cold phosphate buffer at pH=8 (0.5 mL of buffer to every 140 mg of 
tissue). Homogenates were centrifuged at 4oC, 3000 rpm for 30 mins. In case of the shrimp, 3 
animals from each replicate were pooled, wet weight was noted and they were homogenised 
along with 0.5 mL of buffer for every 20 mg of tissue. The supernatant was removed and 
stored on ice if ChE activity testing was to be conducted within 6 hours, otherwise stored at -
80oC for analysis within 14 days.  
 
AChE assay 
In the case of D. carinata 75 µL of phosphate buffer pH=8 was added into each well of 
microtitre plates, then 25 µL of DTNB was added followed by 25 µL of homogenate 
(supernatant). Buffer was used instead of homogenate for blanks and assay plates kept at  
23 0C for 5 min, and then 25 µL of substrate (acetylthiocholine iodide) was added.  
 
In the case of Paratya 200 µL of phosphate buffer pH=8 was added into each well of 
microtitre plates, then 25 µL of DTNB and 50 µL of homogenate (supernatant) was added. 
Buffer was used instead of homogenate in blanks and kept at 230C for 10 min then 25 µL of 
substrate (acetylthiocholine iodide) was added to each well. Acetylcholinesterase assays were 
conducted in duplicates for each tissue sample. 
 
Absorbance was read every minute for 10 minutes for Paratya australiensis,  as the enzyme 
activity starts to stabilise after 10 minutes and for only 6 minutes for Daphnia, at 405 nm 
under UV/visible spectrophotometer (Multiskan Ascent Elisa Reader) with pathlength 
adjusted, then the slopes were calculated using regression (see Chapter 3. Optimisation of the 
AChE assay for details). 
 
Enzyme activity was calculated as described by Ellman et al. (1961) and normalised to protein 
concentration, where protein was determined according to Bradford (1976) using bovine 
serum albumin as standard protein. The enzyme unit is described as amount of enzyme 
causing the hydrolysis of one mole of acetylthiocholine iodide per minute at 250C, pH=8. 
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The enzyme activity was calculated in µU/g of protein, as per Ellman et al. (1961): 
 
                R = (A /1·36·10 4) × (1/ (VE/VT) ·Co) × 106 = 441.176 × A / Co  
   
      
Where 
   U     -     Moles of substrate hydrolysed per minute  
   R     -     Rate, in micromoles of substrate hydrolysed per minute per gram of protein 
   A     -    Change in absorbance per minute 
   VE    -     Volume of enzyme  
   VT   -     Total volume 
   Co      -    Original concentration of protein (mg/mL) 
 
BChE assay 
There are two types of cholinesterase (acetylcholinesterase and butyrylcholinesterase) present 
in vertebrates, and between the two cholinesterase, the proportion of BChE is higher in 
vertebrates. BChE acts as a sensitive biomarker of OP exposure and the esteratic activity of 
BChE become important in scavenging OP and carbamate inhibitors before they reach AChE. 
Therefore an experiment was conducted on Paratya to check the percentage of 
butyrylcholinesterase activity and its function in an invertebrate. Ten P.australiensis samples 
were prepared. Each of the tissue samples were then divided into two. One was subjected to 
the AChE assay as described. The second was used for the BChE assay as follows. The same 
procedure was followed as for AChE determination with the following modifications: Instead 
of 200 µL, only 185 µL of phosphate buffer was used plus 15 µL of iso-OMPA (BChE 
inhibitor) was added to suppress the BChE activity after addition of DTNB and homogenate. 
The percentage of BChE present was estimated by subtraction.   
2.5.4 Protein determination 
 
Protein determination was performed on the tissue supernatant using Bradford’s method 
(1976) carried out in 96-well microtitre plates. Protein estimation was performed on duplicate 
samples. A series of dilutions of bovine serum albumin was used as standards. Bradford 
reagent (205 µl) was added to the wells of each plate. The test samples (T) were diluted with  
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Milli-Q water (W) to get a protein dilution of T: W (1:1 to 1:2 and 1:4) for protein 
determination, and absorbance was read at 595 nm under UV/Visible spectrophotometer 
(Multiskan Ascent Elisa Reader) for 30 minutes.  
 
2.6 Statistical analysis 
All statistics were performed using the statistical software SPSS 15.0. Lethal concentration 
(LC50) and effective concentration (EC50) was determined using probit analysis, conducted 
on the log10 of the chemical concentrations that were then back transformed to state LC50 
values (µg/L). In calculation of EC50 the AChE activity was converted to percent inhibition 
and the AChE depression was determined for 50% of effective concentration, using probit 
analysis (Appendix 2). In the case of ChE and AChE an analysis of variance (ANOVA) was 
used to determine the statistical significance of the biological responses. Samples were 
pooled and enzyme activity related to protein content and pesticide concentrations were 
established by means of linear regression.  
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3. Optimization of AChE assay 
 
  The acetylcholinesterase activity assay was optimized for the two species, D. carinata and 
P. australiensis before starting the exposure experiments. The assay conditions of buffer 
type, enzyme and substrate volume, temperature, and assay read time were checked and 
optimized. For each condition, it was necessary to ensure that a steady increase in 
absorbance rate was achieved up to a certain time point after which it reached saturation 
(an asymptote). The reading of the absorbance was taken for the time of steady increase 
and stops at the beginning of the saturation, for each condition, in order for the assay to 
work optimally. For AChE assay refer to Chapter 2.  
3.1 Optimisation of buffer 
Two different buffers (phosphate buffer of pH=8 and Tris HCl of pH=8) were trialed for 
homogenizing of the tissue for both species based on previous research studies (Ellman et 
al.1961; Khan 2004). The rate of absorbance was too low for Tris HCl, with P. 
australiensis tissue but there was a steady increase in the rate of absorbance with the 
phosphate buffer pH=8 (Fig. 3.1, Table 3.1), hence the phosphate buffer was used in the 
assay for both species. The same trend was observed for D. carinata, and not shown here. 
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 Figure 3.1. The rate of absorbance to measure AChE activity at 25oC using the two different  
buffers: Tris HCl and phosphate buffer at pH=8 used in homogenisation of P. australiensis 
tissue.  
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Table 3.1. Change in rate of absorbance for Tris HCl and phosphate buffer. 
 
Buffer pH=8 Change in rate of absorbance 
Tris HCl Y= 0.0074 
Phosphate buffer Y= 0.0416 
 
3.2 Optimisation of enzyme and substrate volume 
The weight of tissue was very important to define the enzyme volume. Hence different 
enzyme volumes obtained from different quantities of tissue were used with different 
substrate volumes (acetylthiocholineiodide) to optimize enzyme : substrate volume for 
AChE assay for both species, D. carinata and P. australiensis.  
 
In the case of D. carinata, 40 mg of tissue (approximately 30 daphnids) based on was 
homogenized in 0.5 mL buffer and then different volumes of supernatant (25 µL and 100 
µL) were obtained from the tissue homogenate and added into the microtitre wells, then 
25 µL or 100 µL of substrate was added respectively, and the absorbance was read at 405 
nm. The rate of absorbance remained the same and very low (Table 3.2, Fig 3.2) in both 
instances, demonstrating that there was not enough enzyme (ie not enough tissue) 
probably as a result of the Daphnia being used is much smaller than Daphnia magna 
(Printes and Callahan 2003). Hence 160 mg of tissue (approximately 120 daphnids) was 
homogenized in 0.5 mL buffer and 25 µL of supernatant was obtained from the 
homogenate and added into the microtitre wells.  Then 25 µL of substrate was added, and 
for this ratio of enzyme : substrate volume the rate of absorbance increased steadily 
without any saturation. It was next decided to reduce the amount of enzyme by reducing 
the amount of tissue in order to get saturation.  Twenty five microliter of enzyme was 
therefore obtained from 140 mg (approximately 100 daphnids) of tissue (homogenized in 
0.5 mL of buffer) and used with 25 µL of substrate. The rate of absorbance increased and 
the enzyme – substrate reaction reached an asymptote after 6 minutes. (Table 3.2, Fig. 
3.2).  
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Table 3.2. Change in rate of absorbance for D. carinata for different enzyme: substrate 
ratios with pH 8, temperature 250C for 6 minutes. 
 
Weight of tissue (mg)  in 
0.5 mL of buffer 
Enzyme: substrate ratio 
(µL) 
Change in the rate of 
absorbance 
40   25 :25 Y= 0.0001 
40  100 :100 Y= 0.0015 
140  25 : 25 Y= 0.0176 
160  25 :25 Y = 0.0400 
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 Figure 3.2. The rate of absorbance for different enzyme:substrate volume ratios   using  
tissues of D. carinata  with pH 8, temperature 250C for 6 minutes. 
 
For P. australiensis, various volumes of enzyme obtained from 20 mg of tissue 
(approximately 1 shrimp homogenised in 0.5 mL phosphate buffer) were used with 
different substrate volumes. The absorbance rate was too low for 25:25 µL enzyme 
volume : substrate volume ratio, but there was a steady increase without saturation in the 
absorbance rate for 50:50 µL enzyme volume :  substrate volume ratio. A similar increase  
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in absorbance rate was observed when 25 : 25 µL enzyme volume : substrate volume ratio 
was tested and the enzyme volume was obtained from 40 mg of tissue homogenate (not 
shown). However, there was a saturation of the absorbance rate after 10 minutes for a 
50:25 µL enzyme volume : substrate volume ratio. The rates of absorbance are given in 
the Table 3.3 and Fig. 3.3. 
 
   Table 3.3. The rate of absorbance for different ratios of enzyme: substrate volume for P. 
australiensis at 250C using phosphate buffer pH 8 at 10 minutes. 
 
Weight of tissue (mg)  
in 0.5 mL buffer 
Volume of 
enzyme: substrate 
(µL) 
Change in the rate of 
absorbance 
20  100 : 100 Y= 0.065 
20  50 : 50 Y= 0.046 
20  50 :25 Y = 0.032 
20  25 :25 Y= 0.006 
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 Figure 3.3. The rate of absorbance for different enzyme:substrate volume ratios when 
tissue of P. australiensis was used in phosphate buffer pH 8 and temperature 250C at 10 
minutes. 
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3.3 Optimising temperature 
When optimising the temperature in the AChE assay for both species, all the conditions 
such as the ratio of enzyme : substrate volume and pH were first optimized, then the assay 
plate was incubated at various temperatures (25 and 350C) without changing other 
conditions, in order to check the saturation of the rate of absorbance at a particular 
temperature. The rate of absorbance increased steadily at 350C without saturation for both 
species, whereas at 250C the rate of absorbance stabilized at 6 minutes as shown in Fig. 3.4 
for D. carinata and Fig. 3.5 for P.australiensis. The change in the rate of absorbance for D. 
carinata and P.australiensis are given in Table 3.4 and 3.5 respectively. 
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 Figure 3.4. The rate of absorbance at different temperatures, using tissue of D. carinata with 
enzyme:substrate volume was 25 µL : 25 µL in phosphate buffer pH 8. 
 
 
 
• 35 0C 
• 25 0C 
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Table 3.4. Change in the rate of absorbance for D. carinata at different temperatures with 
enzyme : substrate volume was 25 µL : 25 µL in phosphate buffer pH=8. 
 
              Temperature Change in rate of absorbance 
                     250C            Y= 0.0176 
                     350C            Y= 0.0400 
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Figure 3.5. The rate of absorbance at different temperatures using the tissue of 
 P. australiensis with enzyme:substrate volume was 50 µL : 25 µL in phosphate buffer pH=8 
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Table 3.5. Change in the rate of absorbance for P. australiensis at different temperatures with 
enzyme : substrate volume was 50 µL : 25 µL in phosphate buffer pH=8.  
 
              Temperature Change in rate of absorbance 
                     250C            Y= 0.0535 
                     350C            Y= 0.0952 
 
 
3.4 Optimum time for measurement 
 
This assay was run at different time intervals for both species and after optimizing all 
other conditions first, the time was optimized for D. carinata at 6 minutes, and for P. 
australiensis at 10 minutes. Figure 3.6 shows the change in the rate of absorbance for D. 
carinata and Fig. 3.7 for P. australiensis. 
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 Figure 3.6. The rate of absorbance with all parameters such as phosphate buffer pH=8, 
enzyme:substrate volume 25 µL : 25 µL, temperature 250C  for 6 minutes was optimised 
for D. carinata.  
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 Figure 3.7. The rate of absorbance with all parameters such as phosphate buffer pH 8, 
enzyme: substrate volume 50 µL : 25 µL, temperature 250C  for 10 minutes was optimised 
for P. australiensis.. 
 
Considering all the above optimisations for D. carinata the following conditions were chosen 
to conduct the AChE assay in pesticide exposures:  
• Phosphate buffer  pH=8 
• Enzyme collected from 140 mg of tissue (approx 100 daphnids) 
• Enzyme : substrate volume of 25 µL : 25 µL  
• Temperature  250C 
• Time = 6 minutes 
 
In case of P. australiensis, the following conditions were chosen to conduct AChE assay in 
pesticide exposures: 
• Phosphate buffer  pH=8 
• Enzyme collected from 20 mg of tissue (approx 1 shrimp) 
• Enzyme : substrate volume of  50 µL : 25 µL 
• Temperature  250C 
• Time = 10 minutes 
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4.  Results 
 
4.1 Detection of OP pesticides using Abraxis OP/carbamate assay kit 
 
OP pesticides in the solution were measured using Abraxis OP/ carbamate assay kit (plate 
assay method). This is a qualitative, colorimetric assay for the detection of OP and 
carbamates, based on a modification of their inhibition of the enzyme AChE (supplied by 
Abraxis LLC, Pennsylvania). 
 
The nominal concentration of chlorpyrifos stock solutions used in D. carinata and P. 
australiensis experiments were 1 and 2 µg/L and the nominal concentration chosen for 
fenitrothion stock solution in D. carinata and P.australiensis experiments was 1.5 µg/L. 
The measured concentration for both pesticides against nominal concentration is given in 
the Tables 4.1 and 4.2 and the standard curves for both pesticides are shown in Fig 4.1 and 
4.2. 
 
 Table 4.1. Measured concentrations of chlorpyrifos stock solutions against nominal   
concentrations. 
 
Measured concentration, µg/L 
 
 
Nominal 
concentration, 
µg/L 
Initial At 24 
hour 
Geometric 
mean, 
µg/L 
 
Difference 
between  
nominal and 
geometric 
mean, % 
1 1.154 0.996 1.07 7.2 
2 2.023 2.016 2.016 0.8 
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            Figure 4.1. Standard curve for chlorpyrifos using Abraxis plate assay method.    
         
 
 
Table 4.2. Measured concentration of fenitrothion stock solution against nominal 
concentration. 
             
 
 
 
 
Measured concentration, µg/L 
 
 
Nominal 
concentration, 
µg/L 
Initial At 24 
hour 
Geometric 
mean, µg/L 
 
Difference 
between nominal 
and geometric 
mean, % 
1.5 1.437 1.429 1.433 4.33 
 
y = -0.8313x + 1.853 
R 2 
 = 0.9746 
0 
0.5 
1 
1.5 
2 
2.5 
0 0.5 1 1.5 2 2.5 
Concentration  µg/ L 
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     Fig. 4.2. Standard curve for fenitrothion using Abraxis plate assay method. 
 
The measured concentration was less than 7.2 % different from nominal concentration in 
case of chlorpyrifos, and 4.33 % in case of fenitrothion. 
 
4.2 Determination of BChE and AChE activity in P. australiensis 
 The mean total ChE enzyme activity for P. australiensis was compared to the activity of the 
enzyme when the BChE was inhibited, (ie. only AChE activity in the second instance). The 
difference was found to be 3%, meaning that this was the contribution of BChE to the total 
ChE, and the difference is not statistically significantly different (Fig. 4.3). The BChE 
activity contributes considerably into the total ChE activity in vertebrates (Padilla et al. 
1992). According to Key and Fulton (2002) in invertebrates, particularly in Paratya, there 
was no BChE activity, and the current study confirms this finding. Considering that 
physiological processes are very similar in the same groups of invertebrates such as shrimp 
and cladocerans (Takimoto et al. 1987), it can be presumed that there would not be BChE 
contribution into total ChE activity for Daphnia as well; hence the BChE activity was not 
determined for Daphnia in the current study.                                                                                                               
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Figure 4.3.  Total cholinesterase (ChE) and acetylcholinesterase (AChE)  activity of 
 P. australiensis (Mean ± SE, n = 25) at temperature 250C and pH=8. The same letter 
(a) denotes that there is no statistically significant difference between the treatments 
 
4.3 Toxicity of the OPs to D. carinata 
 
4.3.1 LC50 values for fenitrothion and chlorpyrifos 
The 48-h LC50 values for two formulated pesticides C and F were 0.015 µg/L (95% CI 
0.012 – 0.016 µg/L) and 2.562 µg/L (95% CI 1.616 - 3.622 µg/L) respectively. The 
mortality values for 24 and 48-h exposures are given in Fig. 4.4 for chlorpyrifos and Fig. 
4.5 for fenitrothion. The statistical analysis is given in Appendix 3. 
 
                                                                                                                                 Control 
                                                                                                                                     
                                                          a                                                                            ChE 
                                                                                                       a                               AChE 
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Figure 4.4.  Mortality of D. carinata at different concentrations of chlorpyrifos  
(Mean ± SE, n =10) at different time intervals and temperature 180C. 
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Figure 4.5. Mortality of D. carinata at different concentrations of fenitrothion  
(Mean ± SE, n =10) at different time intervals and temperature 180C. 
 
 
4.3.2 AChE activity with exposure to chlorpyrifos 
 
The AChE activity was measured in the tissue of control D. carinata, at each time interval 
(24 and 48-h) for each exposure and the mean AChE enzyme activity was found to be 4.3 
µU/g of protein in unexposed animals (control) and  4.7 µU/g of protein  in initial pool of 
animals (collected from lake). 
When D. carinata was exposed to different sublethal concentrations of chlorpyrifos (0.065, 
0.13, 0.65 LC50), there was a measurable reduction in AChE activity compared to control. On 
analysing the data (Fig. 4.6), the lowest concentration (0.065 LC50) showed a 3 fold decrease 
in AChE activity at 24 h, compared to control. For a concentration equivalent to 0.13 LC50, 
the AChE activity decreased 4 times, and for the highest concentration (0.65 LC50) showed a 
5 fold decreases in activity compared to control. The same trend was observed for the 48-h 
exposure. This shows a clear inverse correlation of AChE activity with the increase in 
chlorpyrifos concentration.  
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When examining the reduction in AChE activity in relation to time (exposure) and treatment, 
two concentrations (the lowest and highest) showed a gradual decrease after 48 h compared 
to the 24-h exposure. However in the exposure concentration of 0.13 LC50 the difference 
between 24 and 48 h was not significantly different, though the same trend was observed 
(Fig. 4.6). Hence, this shows (at least partially) that the enzyme activity is dependent on time 
of exposure and concentration of pesticides (treatment). 
The percent inhibition of AChE for D. carinata and statistical analysis is given in  
Appendix 3. 
     
 
Figure 4.6. AChE activity (Mean ± SE, n =3) of D. carinata with exposure to different 
concentrations of chlorpyrifos. The same letter denotes that there is no statistically 
significant difference, in AChE activity between treatments. 
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The EC50 value for AChE activity was calculated from the mean enzyme activity of D. 
carinata on exposure to the formulated pesticide chlorpyrifos at 24 h and was found to be 
0.15 ng/L (95% CI 0.06 – 0.24 ng/L) and for 48 h to be 0.03 ng/L (95% CI 0 – 0.09 ng/L). 
                                                                     
4.3.3. AChE activity during exposure to fenitrothion 
The average enzyme activity of D. carinata was found to be 4.7 µU/g of protein in 
unexposed (control) animals and 5 µU/g of protein in initial pooled animals (collected from 
lake). 
On comparing the AChE activity between the control and different treatments (0.065 LC50, 
0.13 LC50 and 0.65 LC50) there was a measurable decrease in AChE activity at 24 and 48-h 
exposures compared to control. Analysis of the data (Fig. 4.7) shows that the 
AChE activity when daphnids were exposed to 0.065 and 0.13 LC50 decreased 3 times after 
24-h exposure compared to the control, whereas when exposed to 0.65 LC50 the decrease was 
4 times that of control. 
For both exposure periods, the AChE activity was statistically significantly different in 
daphnids exposed to 0.65 LC50 and 0.065 LC50, however for daphnids exposed to 0.13 LC50 
activities was intermediate and not different from either of the others. 
On interpreting AChE reduction in relation to time of exposure and concentrations 
(treatments), there was a significant decrease in the AChE activity, in the 24-h exposure 
compared to control, and then after 48 h the activity remained the same as after 24 h.  
The percent inhibition of AChE after different time of exposure for D. carinata and statistical 
analysis are given in Appendix 3. 
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Figure 4.7. AChE activity (Mean ± SE, n =4) of D. carinata with exposure to different 
concentrations of fenitrothion. The same letter denotes that there is no statistically 
significant difference, in AChE activity between treatments. 
 
The EC50 value for AChE activity was calculated from the mean enzyme activity of Daphnia 
exposed to the formulated pesticide fenitrothion at 24 h and was found to be 0.010 µg/L 
(95% CI 0 – 0.031 µg/L) and for 48 h EC50 was found to be 0.010 µg/L (95% CI 0.003 – 
0.028 µg/L).  
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4.3.4 Toxicity of chlorpyrifos : fenitrothion mixture 
 
 
The AChE activity of D. carinata in seven different mixtures of chlorpyrifos and fenitrothion 
was measured after 24 and 48 h of exposure. For both exposure times the same general 
pattern was observed (Fig. 4.8). Chlorpyrifos and fenitrothion showed an antagonistic 
relationship to each other: while only single pesticide activity was measured (graphical 
display in Fig. 4.8: green for fenitrothion and grey for chlorpyrifos), it was found to be lower 
than that of the mixtures, except when it was in equal proportions (yellow). The AChE 
activity was lower with a higher proportion of chlorpyrifos present in the mixtures (red and 
blue), compared to the higher proportion of fenitrothion in the mixtures (gold and purple) for 
both exposure times, indicating that chlorpyrifos, though antagonistic to the effect of 
fenitrothion, increases the toxic effect of the mixtures if a higher proportion of chlorpyrifos is 
present. The statistical analysis is given in Appendix 3. 
 
Figure 4.8. AChE activity (Mean ± SE, n =3) of D. carinata with exposure to mixtures of 
chlorpyrifos and fenitrothion. The same letter denotes that there is no statistically 
significant difference, in AChE activity between treatments. 
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4.4 Toxicity results for P. australiensis 
 
4.4.1 Determination of LC50 for chlorpyrifos and fenitrothion 
 
The 96-h LC50 values for the two formulated pesticides C and F were 0.189 µg/L (95% 
CI 0.139 - 0.252 µg/L) and 1.054 µg/L (95% CI 0.803 -1.383 µg/L) respectively, the 
mortality is shown in Fig. 4.9 for chlorpyrifos and Fig. 4.10 for fenitrothion. The 
statistical analysis is given in Appendix 3. 
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Figure 4.9.  Mortality of P. australiensis at different concentrations of chlorpyrifos   
(Mean ± SE, n =10) at different time intervals with temperature at 150C. 
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Figure 4.10.  Mortality of P. australiensis at different concentrations of fenitrothion 
Mean ± SE, n = 10) at different time intervals with temperature at 150C . 
 
4.4.2 AChE activity during exposure to chlorpyrifos 
 
All the experiments on P. australiensis were conducted for 96 h and the AChE activity was 
measured from the whole tissue of P. australiensis every 24 h. The average activity was 
found to be 27 µU/g of protein in unexposed animals (control) and 29 µU/g of protein in 
initial pool animals (collected from river). 
There was a gradual decline in AChE activity of P. australiensis with the increase of 
exposure concentration (Fig. 4.11). When analysing the data for shrimp exposed to a 
chlorpyrifos concentration of 0.065 LC50 their was no significant difference in AChE activity 
at 24-h exposure compared to control, but there was a significant decrease in activity at 48-h 
and 72-h exposure, and then the activity remained unchanged at 96-h exposure. The AChE 
activity for 0.13 LC50 decreased at 24 h compared to control and remained unchanged at 48-h 
exposure and again there was a gradual decrease in AChE activity at 72h and 96h. For 
shrimps exposed to the highest chlorpyrifos concentration (0.65 LC50) there was a sharp 
decrease in AChE activity at 24 h compared to control followed by a gradual decrease at 48-h 
exposure. AChE activity then remained unchanged at 72 and 96h. Thus trend showed most 
chlorpyrifos treatments with a gradual decrease in AChE activity up to 72 h, followed by  
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stabilisation of the activity from 72 to 96 hours. The percent inhibition of AChE after 
different time of exposure for P. Australiensis and statistical analysis is given in Appendix 3.  
   
 
Figure 4.11. AChE activity (Mean ± SE, n =4) of P. australiensis with exposure to 
different concentrations of chlorpyrifos. The same letter denotes that there is no 
statistically significant difference, in AChE activity between treatments. 
 
 
The EC50 values for AChE activity were calculated from the AChE activity of P. 
australiensis on exposure to the formulated pesticide chlorpyrifos at 24 h and was found to 
be 0.238 µg/L (95% CI 0.148 – 0.543 µg/L), for 48 h was 0.109 µg/L (95% CI 0.065-0.313 
µg/L) at 72 h was 0.087 µg/L (95% CI 0.063-0.139 µg/L) and for 96 h was found to be 0.015 
µg/L (95% CI 0.006-0.025 µg/L). 
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4.4.3 AChE activity during exposure to fenitrothion 
 
The average AChE activity of P. australiensis was found to be 20 µU/g of protein in 
unexposed (control)  20 µU/g of protein in initial pool animals (collected from river). 
The AChE activity in P. australiensis, at different exposure times and at different 
concentrations (0.065 LC50, 0.13 LC50 and 0.65 LC50) was compared with the AChE activity 
of control animals. All three concentrations showed (similar) almost a 3 fold decrease in 
AChE activity compared to the control after 24-h exposure (Fig. 4.12). Later after the 24 
hour time point only the highest concentration showed a gradual decrease with time, the 
AChE activity in other concentrations remained the same throughout the whole exposure (96 
h). The percent inhibition of AChE after different time of exposure to fenitrothion and 
statistical analysis is given in Appendix 3.  
 
Figure 4.12. AChE activity (Mean ± SE, n = 5) of P. australiensis with exposure to 
different concentrations of fenitrothion. The same letter denotes that there is no 
statistically significant difference, in AChE activity between treatments. 
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The EC50 values for AChE activity were calculated from the mean enzyme activity of 
Paratya on exposure to the formulated pesticide fenitrothion. At 24 and 48 h it was found to 
be 0.005 µg/L (95% CI 0.001- 0.015 µg/L), for 72-h exposure it was 0.002 µg/L (95% CI 0- 
0.013 µg/L), and for 96 h it was 0.008 µg/L (95% CI 0.001- 0.019 µg/L). 
 
4.4.4 Toxicity of chlorpyrifos : fenitrothion mixtures 
 
The AChE activity of P.australiensis in seven different mixtures of chlorpyrifos and 
fenitrothion measured every 24 h for the duration of exposure (96 h) is depicted in Fig. 4.13. 
There was a significant difference between AChE activity in control animals and animals in 
all treatments (Fig. 4.13). 
Similar to the effect of mixtures of C and F on daphnid exposures, chlorpyrifos and  
fenitrothion showed an antagonistic relationship to each other in the mixtures C:F (0:1, 1:3, 
1:2, 1:1, 2:1, 3:1, 1:0) when shrimp were exposed. The same general pattern was observed 
indicating higher toxicity with a higher proportion of chlorpyrifos present in the mixtures. 
The most pronounced effect was observed after 24 and 48 h of exposure. However at 96 h 
only a minor antagonistic effect was present (the AChE activity levelled off in different 
mixtures), and possibly after yet longer exposure time the effect of those pesticides in the 
mixtures would become completely additive. The statistical analysis is given in Appendix 3. 
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Figure 4.13. AChE activity (Mean ± SE, n = 4) of P. australiensis on exposure to    
different mixtures of chlorpyrifos and fenitrothion. The same letter denotes that there is 
no statistically significant difference, in AChE activity between treatments. 
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5. Discussion 
5.1 Toxicity of OP pesticides to D. carinata and P. australiensis  
5.1.1 LC50 for D. carinata on exposure to fenitrothion and chlorpyrifos 
Chlorpyrifos 
The current study estimated the 48-h LC50 value for D. carinata on exposure to chlorpyrifos to 
be 0.015 µg/L (95% CI 0.016 – 0.017 µg/L), which was less than that reported for the same 
species in the study conducted by Zalizniak and Nugegoda (2006) (0.512 ± 0.062 µg/L). The 
current study used adults for the experiments to estimate LC50  since the purpose of the LC50 
estimate was to identify the concentration range for use in subsequent experiments on sublethal 
toxicity, whereas Zalizniak and Nugegoda (2006) used neonates. Neonates obtain their food 
from the yolk sac (Enserink et al.1995) and could be more resistant to pesticide exposures while 
the adults used in the current study were not fed during the experiments and hence could have 
been weaker and more sensitive to the pesticides. 
Fenitrothion 
The 48-h LC50 value for D. carinata on exposure to fenitrothion was 2.562 µg/L (95% CI 1.616 
- 3.622 µg/L), which was less than that reported by Johnson and Finley (1980) for Daphnia 
magna, where the 24-h LC50 was 0.01 mg/L. No value for the toxicity of fenitrothion to D. 
carinata could be found in the literature. The higher toxicity of the insecticide to D. carinata 
could be because of differences in the size of the species. Adults of D. carinata are smaller than 
those of D. magna used by Johnson and Finley (1980) and this may have resulted in the D. 
carinata adults used in the current study less resistant to fenitrothion than those of D. magna. 
Furthermore, there could be inter-laboratory differences in the determination of LC50 values 
even for the same species as documented by White and Champ (1983). 
When the toxicity of both pesticides was compared, chlorpyrifos was more toxic than 
fenitrothion to D. carinata. A possible explanation is an interaction between the particular OP 
pesticide and other relevant biological targets within the organisms in addition to AChE which 
may differ between the pesticides. Furthermore, interaction with these additional sites may 
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result in conditions that modulate the progression of events, leading to overt toxicity followed 
by AChE inhibition (Pope 1999).  
 
According to Caceres et al (2007) “Daphnia carinata was more sensitive to chlorpyrifos 
compared to other Daphnia such as D. magna, D.dubia”. On comparing the 48 h LC50 for D. 
magna and midge larvae, Chironomus riparius on exposure to Rodeo x-77, Daphnia was found 
to me more sensitive than the midge larvae (Henry et al. 1994) with 48 h LC50 of 218 mg/L for 
Daphnia and 1216 mg/L for midge larvae. Similarly, when D. magna was exposed to roundup 
the 48-h LC50 was found to be 3 mg/L whereas for midge larvae, Chironomus riparium the 48-h 
LC50 was 13 mg/L, thus on considering the sensitivity of Daphnia carinata to pesticides in 
comparison with other species, Daphnia was considered to be more sensitive. 
5.1.2 LC50 for P.  australiensis on exposure to fenitrothion and chlorpyrifos 
Chlorpyrifos  
The current study estimated the 96-h LC50 value for P. australiensis on exposure to chlorpyrifos 
to be 0.189 µg/L (95% CI 0.139 - 0.252 µg/L). The values obtained were close to those reported 
by Olima et al. (1997) when they conducted toxicity tests for P. australiensis collected from the 
Colo and Parramatta Rivers (Sydney) in which they found the 96-h LC50 for chlorpyrifos was 
0.2ppb.   
Fenitrothion  
The 96-h LC50 for P. australiensis on exposure to fenitrothion was 1.054 µg/L (95% CI 0.803 -
1.383 µg/L). The LC50 values obtained were in the same range with those reported in a study 
conducted by Hatakeyama and Sugaya (1989) on the susceptibility of 2-week old individuals of 
the freshwater shrimp, Paratya compressa improvisa to OPs, in which they found the 48-h LC50 
for fenitrothion was 1.15 ppb.  The difference between the values compared to Hatakeyama and 
Sugaya (1989) could be a result of the different time of exposure and species used in their study 
being less susceptible even though they were younger than the adults used in the current study.  
Other studies on exposure of P. australiensis to fenitrothion were not available for comparison. 
Comparing the toxicity of the pesticides, chlorpyrifos was more toxic than fenitrothion to P. 
australiensis. The reasons could be as described for chlorpyrifos, where pesticide formulations 
could have caused interactions between fenitrothion and other biological targets, in addition to 
AChE (Pope 1999).  
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Thus, in conclusion, there are variations in LC50 values obtained in this study compared with 
those from different laboratories, even for the same species. This is not uncommon as described 
by White and Champ (1983). There were also clear variations in LC50 between two pesticides of 
the same group (OP).  The reason could be different modes of action of the pesticides at 
different target sites in the different species. Different laboratory conditions and media used in 
the experiments could also contribute towards varying LC50 values (Pablo et al. 2008).  
5.1.3 AChE activity of D.  carinata on exposure to chlorpyrifos and fenitrothion 
 
Chlorpyrifos 
 
AChE activity on exposure to chlorpyrifos showed a gradual decrease over 48-h exposure.  This 
suggests that the enzyme activity was dependent (partially) on time of exposure and 
concentration.  A possible explanation for this could be based on the lipophilic nature of 
chlorpyrifos. Chlorpyrifos has a high octanol/water partition coefficient (log Kow =4.82-5.11 ), 
which indicates an affinity for lipids and thus a high potential for bioaccumulation  
(WHO 1987). Chlorpyrifos causes AChE inhibition after biotransformation to the more potent 
AChE inhibitor chlorpyrifos-oxon (Pope 1999) and TCP (a non potent AChE inhibitor) and this 
could have resulted in the increasing toxicity with increase in time of exposure. An immediate 
depression in AChE activity after 24-h exposure in the case of Daphnia could also be because 
of the relatively small size of the animal compared to some other daphnid species (Hanazato 
2000). A similar result was observed by Barata et al. (2004) in their study on juvenile daphnids. 
 
The EC50 values for AChE activity were calculated from the mean enzyme activity of D. 
carinata on exposure to the formulated pesticide chlorpyrifos. At 24 h it was 0.15 ng/L (95% 
CI 0.06 – 0.24 ng/L), and at 48 h it was estimated to be 0.03 ng/L (95% CI 0 – 0.09 ng/L). 
This indicates that AChE activity in D. carinata is very sensitive to chlorpyrifos exposure and 
it may be possible to use this species in biomonitoring sublethal concentrations of chlorpyrifos 
in ambient waters. However, this study did not evaluate recovery of AChE with removal of 
exposure hence the results only prove that this species and AChE as a biomarker would be 
useful in evaluating continuous exposure to chlorpyrifos at sublethal levels. 
 
 
 
 
 66 
Fenitrothion 
 
The AChE activity of D. carinata decreased after 24-h exposure to fenitrothion after which the 
activity remained the same, unlike the gradual decrease in AChE activity with exposure to 
chlorpyrifos from 24- to 48-h exposure. AChE activity was dependent on concentration but 
independent of period of exposure (in the time-frame of this experiment). This maybe because 
the octanol/water partition coefficient of fenitrothion (log Kow = 3.16) is less than that of 
chlorpyrifos (WHO 1995) and the tendency to bioaccumulate inside the body of the organism 
is very low (Takimoto et al. 1987). Thus there is no increase in concentration inside the body 
of the daphnid after 24 h.  The immediate decrease in AChE activity at 24-h exposure could be 
because of the small size of the species (Hanazato 2000) and might be also that the pesticide 
has high affinity for a binding site within the nerve cells of the organism. 
 
There are no comparative data available for D. carinata exposed to fenitrothion, therefore the 
results of the current study have been compared with those of the bioaccumulation study 
conducted in D. pulex by Takimoto et al. (1987). They noted that the bioaccumulation of 
fenitrothion was relatively low in crustacean with a maximum bioaccumulation ratio of 71 in 
D. pulex. Fenitrothion was rapidly metabolised to fenitrooxon, a potent AChE inhibitor that 
remained inside the body of the crustacean. The current study showed an immediate depression 
in AChE activity at 24-h exposure in D. carinata which remained the same at 48-h exposure, 
indicating that the fenitrothion is similarly rapidly metabolized and then bioaccumulated 
moderately as described by Takimoto et al. (1987). 
 
The EC50 values for AChE activity were calculated from the mean enzyme activity of D. 
carinata on exposure to the formulated pesticide fenitrothion. At 24 h it was 0.010 µg/L 
(95% CI 0 – 0.031 µg/L) and unchanged at 48 h as 0.010 µg/L (95% CI 0.003 – 0.028 µg/L), 
which is higher than the value calculated for chlorpyrifos. This suggests that AChE activity 
in D. carinata is less sensitive to fenitrothion than to chlorpyrifos. The reason could be 
because the compound fenitrothion acts immediately on the target sites in the nervous system 
while chlorpyrifos bioaccumulates with time in the animal body and slowly metabolizes 
causing prolonged toxicity. In other words the toxicity of the latter increases with time 
resulting in increased depression in AChE activity. It is also possible that the compound 
fenitrothion has a lower affinity to the receptors in the nervous system, hence resulting in less 
depression in AChE activity even initially. 
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Mixtures 
 
In mixtures, chlorpyrifos and fenitrothion showed an antagonistic effect in relation to each 
other. The results clearly fit the model of antagonistic relationship of chemicals in the mixtures 
as described by Moriarty (1999). The cause of the antagonistic effect of the chlorpyrifos and 
fenitrothion in mixtures was not determined. The higher toxicity of the mixture with higher  
 
proportion of chlorpyrifos could be due to the greater bioaccumulation rate of chlorpyrifos than 
fenitrothion and also because fenitrothion is metabolized rapidly to fenitroxon, which then is 
excreted quicker (Takimoto et al. 1987) than the chlorpyrifos-oxon that remains bound to lipids 
after biotransformation from chlorpyrifos. There are no comparable data available, since there 
are no previous studies on exposure of D. carinata to mixtures of chlorpyrifos and fenitrothion. 
 
5.1.4 AChE activity of P. australiensis on exposure to chlorpyrifos and fenitrothion 
Chlorpyrifos 
 
The AChE activity in P. australiensis showed a gradual decrease with time from 24-h exposure 
within the given time-frame of the experiment (96-h exposure). This could be, as in the case 
with D. carinata within 48-h exposure, because chlorpyrifos has a high log octanol/water 
partition coefficient (log Kow= 4.82-5.11), which indicates an affinity for lipids, and thus 
bioaccumulation occurs (WHO 1987).   
 
Additionally, chlorpyrifos acts indirectly (Pope 1999), as the AChE inhibition takes place after 
biotransformation to the more potent AChE inhibitor chlorpyrifos-oxon and TCP (not a potent 
AChE inhibitor), causing a gradual decrease in AChE activity with time. The AChE inhibition 
observed in the current study was similar to that in the study of Olima et al. (1997) on P. 
australiensis.  
 
In the study conducted by Ashauer et al. (2006) the authors reported that in the fresh water 
amphipod Gammarus pulex both chlorpyrifos and pentachlorophenol accumulated in the 
animal body, but there was a possible variation with lipid content. The gradual concentration-
dependent decrease in AChE activity seen in the current study is also similar to that observed 
in adult Gammarus fossarum by Xuereb et al. (2009). In the current study, mortality following 
exposure to chlorpyrifos in P. australiensis was not directly related to AChE inhibition, similar 
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to observations by Xuereb et al. (2009) with G. fossarum, and the authors suggested that there 
was an additional toxic mode of action, which may also be found in P. australiensis.  
 
The EC50 values for chlorpyrifos for AChE activity in P. australiensis decreased with time 
(0.238 µg/L (95% CI 0.148 - 0.543 µg/L) at 24 h, 0.109 µg/L (95% CI 0.065-0.313 µg/L) at 
48 h, 0.087 µg/L (95% CI 0.063-0.139 µg/L) at 72 h and 0.015 µg/L (95% CI 0.006-0.025  
µg/L) at 96 h. This suggests that the compound bioaccumulates in the animal body and 
causes slow and steady decrease in AChE activity with time. These values also show that P. 
australiensis is less sensitive to chlorpyrifos than D. carinata. P. australiensis is generally 
considered less sensitive than D. carinata in ecotoxicological studies (Buikema et al. 1981), 
and the current study confirms this, even for such a sensitive biomarker as the depression of 
AChE activity. 
 
Fenitrothion  
 
There was an immediate decrease in the AChE activity in the 24-h exposure of P. australiensis 
to fenitrothion compared with the control and then the activity remained at the same level 
throughout the exposure for the two lower sublethal concentrations (0.065 and 0.13  
% of LC50), but at the highest concentration (0.65% of LC50) there was a gradual decrease in 
AChE activity throughout the experiment. AChE activity was thus concentration-dependent 
but independent of period of exposure (in the time-frame of this experiment). The trend in 
AChE activity was comparable to that in the study conducted by Kuhn and Streit (1994) on 
Gammarus species, showing a strong inhibition in AChE activity after exposure to a very low 
concentration of fenitrothion. The strong inhibition could be due to metabolism of fenitrothion 
in crustaceans, where fenitrothion is oxidized to fenitrooxon (Reddy et al. 1990), which is a 
potent AChE inhibitor (Schoor and Braush 1980). Fenitrothion is actively metabolized and 
excreted in shrimp (Takimoto et al.1987). The strong inhibition of AChE after 24-h exposure 
to fenitrothion could be because of the pesticide’s ability to penetrate membrane structures of 
aquatic animals and initiate the reaction at suitable receptor sites immediately (De Bruijn and 
Hermens 1991).  
 
The gradual decrease in AChE activity at the highest sublethal concentration (0.65 of LC50)   of 
fenitrothion could be because of the n-octanol/water partition coefficient (log K
 
 = 3.16), which 
indicates a moderate tendency to bioaccumulate in lipids compared to chlorpyrifos (WHO 
1995). Takimoto (1987) also suggested that the bioaccumulation of fenitrothion was relatively 
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low in crustaceans, with a maximum bioaccumulation ratio of 6 for P. paucidens, hence 
fenitrothion in the current study was less toxic to both species of crustacean tested, than the 
highly bioaccumulated chlorpyrifos.  
 
The EC50 values for AChE activity did not decrease significantly with time and were 0.005 
µg/L (95% CI 0.001- 0.015 µg/L) at 24 h and 48 h, 0.002 µg/L (95% CI 0.001- 0.013 µg/L) 
at 72-h, and 0.008 µg/L (95% CI 0.001- 0.019 µg/L) at 96 h. P. australiensis was not as 
sensitive as D. carinata to fenitrothion, again reconfirming that daphnids are more sensitive 
than shrimp to environmental toxicants even in terms of effects of OPs on the sensitive 
biomarker of AChE activity. 
 
Mixtures 
 
Chlorpyrifos and fenitrothion were antagonistic to each other when the test shrimp were 
exposed to mixtures and the results fitted the model of antagonistic relationship of chemicals in 
the mixtures as describeded by Moriarty (1999). The effect was similar to the effect produced 
in D. carinata.  There are no comparable data available on invertebrates exposed to mixtures of 
chlorpyrifos and fenitrothion and the mode of the antagonistic action is not clear. 
 
Sensitivity of two Australian species to the pesticides chlorpyrifos and fenitrothion 
 
D. carinata was more sensitive than P. australiensis to both chlorpyrifos and fenitrothion. 
The reason for the difference in sensitivity of the two test species could be the relatively 
simple exoskeleton of cladocerans, which permits much of their internal body surface to be 
in direct contact with the external medium. This could result in daphnids taking up more of 
the test compounds more quickly than shrimps. Decapod shrimps also have a more 
sophisticated physiology than cladocerans which could also make them less sensitive to the 
tested OP pesticides. It is well recognized in the ecotoxicological literature that daphnids are 
very sensitive to many toxicants (Lechelt et al. 2000) and the current study has clearly 
demonstrated that they are more sensitive in terms of both lethal and sublethal effects of OPs 
than freshwater shrimp. 
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Conclusion 
 
 
This study evaluated the effects of two OP insecticides and their mixtures on two Australian 
native freshwater species. The study focused on the sub-lethal effects of these pesticides by 
investigating the acetylcholinesterase (AChE) activity in these species on exposure to the two 
pesticides individually and in mixtures of different proportions. On comparing the LC50 data 
for the two pesticides, chlorpyrifos was more toxic than fenitrothion. When evaluating the 
effect of the pesticides on AChE activity, chlorpyrifos showed a slow and steady decrease, 
which was dependent on time and concentration, whereas fenitrothion showed an immediate 
decrease, which was dependent on concentration but not time. Chlorpyrifos and fenitrothion 
showed an antagonistic effect in relation to each other, but exposure to mixtures of the 
pesticides still caused AChE inhibition in both species though to a lesser level than in 
individual exposures of the pesticides. 
It could be inferred that fenitrothion was less toxic than chlorpyrifos, perhaps because of the 
interactions between these OP pesticides with other biological targets in addition to AChE. 
The other reason could be  the moderate capacity of fenitrothion to bioaccumulate in animal 
tissue (Takimoto et al.1987) compared to chlorpyrifos. The slow and steady decrease in 
activity of AChE activity in P. australiensis with exposure to chlorpyrifos suggested that this 
was due to increasing bioaccumulation of chlorpyrifos in the body of the crustacean.  This 
was followed by transformation to the metabolite TCP (which does not affect AChE activity) 
and the minor degradation product chlorpyrifos-oxon (a potent AChE inhibitor) as described 
by Ashauer et al. (2006).  Fenitrothion, in contrast, showed an immediate decrease in activity 
because of its ability to break down rapidly into its metabolite fenitro-oxon and also its 
bioaccumulation in the animal tissue for only a short period of time, followed by its 
excretion, as described by Takimoto et al. (1987). The EC50 values for AChE activity of the 
two species were compared for both compounds; both species were sensitive to low 
concentrations of these pesticides and D. carinata was more sensitive than P. australiensis. 
Thus AChE activity in these crustaceans can be used as a biomarker to estimate previous 
contamination by sublethal concentrations of OP pesticides in the environment and aid in the 
biomonitoring of freshwaters. 
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Since both OP pesticides are potent AChE inhibitors for both tested native species, P. 
australiensis and D. carinata, both species could be used for biomonitoring sub-lethal 
exposure to OP insecticides in the Australian environment.  Depression in AChE is also a 
useful tool to estimate contamination of freshwaters by mixtures of these OP pesticides, 
although effects of chlorpyrifos and fenitrothion are antagonistic. Thus OP pesticide mixtures 
effects  maybe less detectable by this biomarker.  
There have been some recent studies on the pesticide contamination and their effects. Gruber 
and Munn (1998) observed the effect on brain cholinesterase in carp on exposure to 0.12µg/L 
of chlorpyrifos from the leachate obtained from irrigation. Schulz (2003a) observed mortality 
in the amphipod Paramelita nigrocules on exposure to 300-720 µg/L of chlorpyrifos from 
the runoff. Schulz et al. (2003b) observed mortality in various invertebrate species on 
exposure to 1.3 µg/L of chlorpyrifos from the runoff. These studies indicates that even very 
low concentration of pesticide in the environment can cause adverse effects such as 
depression in brain cholinesterase, mortality. Thus a sensitive tool such as the inhibition of 
ChE is very usefulin detection of the effects before they occur at a higher level of 
organisation (whole organism or population), especially in monitoring of water bodies. 
Future directions: 
 
This study has demonstrated antagonistic effects of a mixture of the two OP pesticides 
chlorpyrifos and fenitrothion. However the mechanism of action of this antagonistic effect 
and effects on the metabolism within the test species remains to be further investigated and 
elucidated. This would be accomplished by investigating the mechanistic pathway and the 
interaction of mixtures of OP pesticides. 
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Appendices 
Appendix 1: Culture media recipes 
 
1. Daphnia growth medium: (Dixon 2005), prepared in Milli-Q water 
 
 Sea salt                                                                                                            0.50 g/L 
 CaCO3                                                                                                                                          10.0  mg/L 
 SeO2·H2O                                                                                                                   1.41 µg/L 
 
2. Tamiya medium for algae (Vasser 1989), prepared in Milli-Q water 
 
KNO3                                                                                                               5.00 g/L 
KH2PO4                                                                                                           1.25 g/L 
MgSO4·7H2O                                                                                                   2.50 g/L 
Disodium EDTA                                                                                            37.00 mg/L 
Fe solution (x 1000)                                                                                         1.00 mL 
Microelements solution (x 10)                                                                         0.30 mL 
 
Fe solution (concentrated 1000 times) 
 
FeC6H5O7                                                                                                       25.00 g/L      or 
FeSO4·7H2O                                                                                                     3.00 g/L 
 
Microelements solution (concentrated 10 times) 
 
H3BO3                                                                                                               28.60 g/L 
MnCl2·4H2O                                                                                                     18.10 g/L 
ZnSO4·7H2O                                                                                                      2.22 g/L 
NH4VO3                                                                                                             0.23 g/L 
MoO3                                                                                                                 0.18 g/L 
Na2MoO4·2H2O                                                                                                 0.30 g/L                     
 
 87 
  
 
          
          
             3. Wet lab water (WLW) major ions content (Zalizniak et al, 2006) 
 
             Ca                                                                                                           6.8 mg/L 
             Mg                                                                                                          2.1 mg/L 
              K                                                                                                           1.0  mg/L 
             Na                                                                                                          8.9  mg/L 
             Cl                                                                                                          15.0 mg/L 
             SO4                                                                                                         9.6 mg/L 
             CO3                                                                                                         < 5 mg/L 
            HCO3                                                                                                      23.0 mg/L 
            Electrical conductivity (EC)                                                                0.126 mS/cm 
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Appendix 2: Pesticide formulation 
 
          Formulation for each pesticide provided by Nufarm Australia 
 
 
    Pesticide amount, g/L 
chlorpyrifos 
     active ingredient   
     Liquid hydrocarbons 
     other ingredients 
 
fenitrothion 
     active ingredient                              
mixed proprietary  
surfactants  
xylene 
 
 
500g/L 
480g/L 
balance 
 
 
 
1000/g/L 
 
100-200g/L 
50-100g/L 
 
 
        Detection of OP pesticides using Abraxis OP/carbamate assay Kit 
      
 The standards were prepared according to the procedure given in the kit. The standard graph 
is prepared according to the procedure , the standard graph is represented in chapter 4 and 
the  sample reading obtained were plotted against the standard using the equation y = 
mx+c. Then the measured concentration of the stock solution against nominal concentration 
is given in the table in chapter 4. 
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Appendix 3: Statistical analysis 
 
1. Determination of ChE and AChE activity in P.australiensis 
     The Treatment 1 is total ChE activity and 2 is AChE activity 
 
Between-Subjects Factors 
  N 
1.00 25 Treatment 
2.00 25 
time .00 50 
 
 
Descriptive Statistics 
Dependent Variable:enzyme 
Treatm
ent time Mean Std. Deviation N 
.00 24.0833 1.47797 25 1.00 
Total 24.0833 1.47797 25 
.00 23.3552 .96958 25 2.00 
Total 23.3552 .96958 25 
.00 23.7192 1.29058 50 Total 
Total 23.7192 1.29058 50 
 
 
Levene's Test of Equality of Error Variancesa 
Dependent Variable:enzyme 
F df1 df2 Sig. 
2.852 1 48 .098 
Tests the null hypothesis that the error variance 
of the dependent variable is equal across groups. 
a. Design: Intercept + Treatment + time + 
Treatment * time 
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Expected Mean Squaresa,b 
Variance Component 
Source Var(time) 
Var(Treatment * 
time) Var(Error) Quadratic Term 
Intercept 50.000 25.000 1.000 Intercept, 
Treatment 
Treatment .000 25.000 1.000 Treatment 
time .000 .000 .000  
Treatment * time .000 .000 .000  
Error .000 .000 1.000  
a. For each source, the expected mean square equals the sum of the coefficients in 
the cells times the variance components, plus a quadratic term involving effects in 
the Quadratic Term cell. 
b. Expected Mean Squares are based on the Type III Sums of Squares. 
 
 
 
Estimated Marginal Means 
 
 
1. Grand Mean 
Dependent Variable:enzyme 
 95% Confidence Interval 
Mean Std. Error Lower Bound Upper Bound 
23.719 .177 23.364 24.075 
 
 
2. Treatment 
Dependent Variable:enzyme 
 95% Confidence Interval Treatm
ent Mean Std. Error Lower Bound Upper Bound 
1.00 24.083 .250 23.581 24.586 
2.00 23.355 .250 22.853 23.858 
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3. time 
Dependent Variable:enzyme 
 95% Confidence Interval 
time Mean Std. Error Lower Bound Upper Bound 
.00 23.719 .177 23.364 24.075 
 
 
4. Treatment * time 
Dependent Variable:enzyme 
 95% Confidence Interval Treatm
ent time Mean Std. Error Lower Bound Upper Bound 
1.00 .00 24.083 .250 23.581 24.586 
2.00 .00 23.355 .250 22.853 23.858 
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2. 48 h LC50 value for  Daphnia carinata on exposure to chlorpyrifos 
 
Confidence Limits 
 95% Confidence Limits for Concentration 95% Confidence Limits for log(Concentration)a 
 
Probabil
ity Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound 
.010 .008 .003 .011 -2.071 -2.539 -1.954 
.020 .009 .003 .012 -2.042 -2.466 -1.935 
.030 .009 .004 .012 -2.023 -2.419 -1.924 
.040 .010 .004 .012 -2.009 -2.384 -1.915 
.050 .010 .004 .012 -1.998 -2.356 -1.908 
.060 .010 .005 .013 -1.988 -2.331 -1.901 
.070 .010 .005 .013 -1.980 -2.310 -1.896 
.080 .011 .005 .013 -1.972 -2.291 -1.891 
.090 .011 .005 .013 -1.966 -2.274 -1.887 
.100 .011 .006 .013 -1.959 -2.258 -1.883 
.150 .012 .006 .014 -1.933 -2.192 -1.866 
.200 .012 .007 .014 -1.912 -2.140 -1.852 
.250 .013 .008 .014 -1.894 -2.096 -1.840 
.300 .013 .009 .015 -1.878 -2.056 -1.830 
.350 .014 .010 .015 -1.864 -2.019 -1.819 
.400 .014 .010 .016 -1.849 -1.985 -1.809 
.450 .015 .011 .016 -1.836 -1.952 -1.799 
.500 .015 .012 .016 -1.822 -1.920 -1.789 
.550 .016 .013 .017 -1.809 -1.889 -1.778 
.600 .016 .014 .017 -1.795 -1.859 -1.765 
.650 .017 .015 .018 -1.781 -1.831 -1.749 
.700 .017 .016 .019 -1.766 -1.805 -1.728 
.750 .018 .017 .020 -1.750 -1.782 -1.699 
.800 .019 .017 .022 -1.732 -1.763 -1.662 
.850 .019 .018 .024 -1.712 -1.745 -1.615 
.900 .021 .019 .028 -1.685 -1.725 -1.552 
.910 .021 .019 .029 -1.679 -1.721 -1.537 
.920 .021 .019 .030 -1.672 -1.716 -1.520 
PROBIT 
.930 .022 .019 .032 -1.665 -1.711 -1.501 
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.940 .022 .020 .033 -1.656 -1.705 -1.480 
.950 .023 .020 .035 -1.647 -1.698 -1.457 
.960 .023 .020 .037 -1.635 -1.691 -1.428 
.970 .024 .021 .040 -1.621 -1.681 -1.394 
.980 .025 .021 .045 -1.603 -1.669 -1.348 
.990 .027 .022 .053 -1.574 -1.651 -1.275 
a. Logarithm base = 10. 
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3. 48 h LC50 for Daphnia carinata on exposure to fenitrothion 
 
 
 
Confidence Limits 
 95% Confidence Limits for Concentration 95% Confidence Limits for log(Concentration)b 
 
Probabil
ity Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound 
.010 .377 .065 .773 -.424 -1.188 -.112 
.020 .471 .096 .910 -.327 -1.016 -.041 
.030 .544 .124 1.010 -.265 -.908 .004 
.040 .605 .149 1.092 -.218 -.826 .038 
.050 .660 .174 1.165 -.180 -.760 .066 
.060 .711 .198 1.231 -.148 -.704 .090 
.070 .759 .221 1.292 -.120 -.655 .111 
.080 .805 .245 1.350 -.094 -.611 .130 
.090 .849 .268 1.405 -.071 -.572 .148 
.100 .891 .292 1.458 -.050 -.535 .164 
.150 1.090 .412 1.703 .038 -.385 .231 
.200 1.280 .541 1.934 .107 -.267 .286 
.250 1.469 .680 2.164 .167 -.167 .335 
.300 1.663 .833 2.402 .221 -.079 .381 
.350 1.865 1.001 2.658 .271 .000 .424 
.400 2.079 1.186 2.938 .318 .074 .468 
.450 2.310 1.390 3.255 .364 .143 .513 
.500 2.562 1.616 3.622 .409 .208 .559 
.550 2.842 1.864 4.059 .454 .271 .608 
.600 3.157 2.139 4.594 .499 .330 .662 
.650 3.520 2.443 5.269 .547 .388 .722 
.700 3.947 2.783 6.147 .596 .444 .789 
.750 4.467 3.170 7.335 .650 .501 .865 
.800 5.127 3.627 9.025 .710 .560 .955 
.850 6.020 4.197 11.618 .780 .623 1.065 
.900 7.368 4.984 16.155 .867 .698 1.208 
.910 7.736 5.187 17.519 .889 .715 1.244 
PROBITa 
.920 8.158 5.415 19.143 .912 .734 1.282 
.930 8.647 5.673 21.114 .937 .754 1.325 
.940 9.229 5.973 23.570 .965 .776 1.372 
.950 9.940 6.330 26.741 .997 .801 1.427 
.960 10.846 6.772 31.042 1.035 .831 1.492 
.970 12.074 7.349 37.325 1.082 .866 1.572 
.980 13.924 8.182 47.758 1.144 .913 1.679 
.990 17.432 9.665 70.608 1.241 .985 1.849 
a. A heterogeneity factor is used. 
b. Logarithm base = 10. 
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4.  96 h LC50 for Paratya australiensis on exposure to chlorpyrifos 
 
Confidence Limits 
 95% Confidence Limits for Concentration 95% Confidence Limits for log(Concentration)a 
 
Probabil
ity Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound 
.010 .011 .003 .022 -1.955 -2.482 -1.651 
.020 .015 .005 .029 -1.810 -2.283 -1.536 
.030 .019 .007 .034 -1.719 -2.157 -1.463 
.040 .022 .009 .039 -1.650 -2.063 -1.408 
.050 .025 .010 .043 -1.594 -1.986 -1.363 
.060 .028 .012 .047 -1.546 -1.921 -1.324 
.070 .031 .014 .051 -1.504 -1.864 -1.290 
.080 .034 .015 .055 -1.467 -1.813 -1.260 
.090 .037 .017 .059 -1.433 -1.767 -1.232 
.100 .040 .019 .062 -1.402 -1.724 -1.206 
.150 .053 .028 .080 -1.272 -1.549 -1.099 
.200 .068 .039 .097 -1.169 -1.412 -1.012 
.250 .083 .051 .116 -1.080 -1.296 -.936 
.300 .100 .064 .136 -1.001 -1.193 -.866 
.350 .118 .079 .159 -.927 -1.100 -.799 
.400 .139 .097 .185 -.857 -1.014 -.734 
.450 .162 .117 .215 -.790 -.933 -.667 
.500 .189 .139 .252 -.723 -.856 -.599 
.550 .221 .165 .296 -.657 -.783 -.528 
.600 .258 .194 .353 -.589 -.712 -.452 
.650 .303 .228 .426 -.519 -.641 -.371 
.700 .359 .269 .523 -.445 -.571 -.281 
.750 .431 .318 .658 -.366 -.497 -.182 
.800 .528 .381 .854 -.278 -.419 -.068 
.850 .669 .468 1.166 -.174 -.330 .067 
.900 .902 .602 1.737 -.045 -.221 .240 
.910 .970 .639 1.914 -.013 -.195 .282 
.920 1.049 .682 2.128 .021 -.166 .328 
PROBIT 
.930 1.143 .732 2.391 .058 -.136 .379 
 97 
.940 1.259 .792 2.724 .100 -.102 .435 
.950 1.405 .866 3.162 .148 -.063 .500 
.960 1.599 .961 3.770 .204 -.017 .576 
.970 1.873 1.092 4.683 .273 .038 .671 
.980 2.313 1.294 6.252 .364 .112 .796 
.990 3.225 1.688 9.872 .508 .227 .994 
a. Logarithm base = 10. 
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5. 96 h LC50 for Paratya australiensis on exposure to fenitrothion 
 
 
Confidence Limits 
 95% Confidence Limits for Concentration 95% Confidence Limits for log(Concentration)a 
 
Probabil
ity Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound 
.010 .082 .031 .146 -1.088 -1.507 -.835 
.020 .110 .046 .186 -.958 -1.333 -.729 
.030 .133 .060 .218 -.875 -1.223 -.662 
.040 .154 .072 .245 -.813 -1.140 -.611 
.050 .173 .085 .269 -.763 -1.073 -.570 
.060 .191 .096 .292 -.720 -1.016 -.534 
.070 .208 .108 .314 -.682 -.966 -.503 
.080 .225 .120 .335 -.648 -.922 -.475 
.090 .241 .131 .356 -.617 -.881 -.449 
.100 .258 .143 .376 -.589 -.844 -.425 
.150 .337 .203 .472 -.472 -.692 -.326 
.200 .418 .267 .568 -.379 -.573 -.245 
.250 .502 .337 .669 -.299 -.472 -.174 
.300 .592 .413 .778 -.228 -.384 -.109 
.350 .690 .497 .899 -.161 -.304 -.046 
.400 .798 .589 1.037 -.098 -.230 .016 
.450 .918 .691 1.195 -.037 -.161 .078 
.500 1.054 .803 1.383 .023 -.095 .141 
.550 1.210 .929 1.609 .083 -.032 .207 
.600 1.392 1.071 1.888 .144 .030 .276 
.650 1.610 1.235 2.238 .207 .092 .350 
.700 1.876 1.426 2.691 .273 .154 .430 
.750 2.212 1.658 3.300 .345 .220 .519 
.800 2.659 1.952 4.161 .425 .291 .619 
.850 3.294 2.351 5.477 .518 .371 .739 
.900 4.313 2.954 7.777 .635 .470 .891 
.910 4.603 3.120 8.470 .663 .494 .928 
.920 4.940 3.310 9.296 .694 .520 .968 
PROBIT 
.930 5.339 3.531 10.298 .727 .548 1.013 
.940 5.824 3.795 11.550 .765 .579 1.063 
.950 6.430 4.118 13.168 .808 .615 1.120 
.960 7.224 4.531 15.367 .859 .656 1.187 
.970 8.334 5.095 18.589 .921 .707 1.269 
.980 10.080 5.949 23.958 1.003 .774 1.379 
.990 13.603 7.587 35.782 1.134 .880 1.554 
a. Logarithm base = 10. 
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6. AChE activity of Daphnia on exposure to chlorpyrifos 
 
The inhibition effect of AChE on exposure to chlorpyrifos at 3 different concentrations 
compared to unexposed animals 
 
 
 
Duration of exposure, hours 
 
       Concentration of chlorpyrifos 
Time 
 
 
   0.065 LC50    0.13 LC50    0.65LC50 
00 
 
------------  ------------ --------------- 
24 
 
 68.9 74.3  84.6 
48 
 
 77.5 82.8  91.4 
 
 
The treatment 0.065 LC50, 0.13 LC50 ,0.65 LC50  are given as 0.05, 0.1, 0.5. 
 
Descriptive Statisticsa 
N Range Minimum Maximum Sum Treatme
nt time Statistic Statistic Statistic Statistic Statistic 
enzyme 3 .9217 4.4118         4.7335 19.3248 .00 
Valid N (listwise) 3     
enzyme 3 .2148 4.1211 4.3359 16.8739 24.00 
Valid N (listwise) 3     
enzyme 3 .2845 4.2299 4.3144 17.6748 
.00 
48.00 
Valid N (listwise) 3     
enzyme 3 .3470 .9216 1.2686 4.6058 24.00 
Valid N (listwise) 3     
enzyme 3 .3220 .6054 .9274 3.0576 
.05 
48.00 
Valid N (listwise) 3     
enzyme 3 .3487 .3778 .7265 2.2003 24.00 
Valid N (listwise) 3     
enzyme 3 .1737 .3515 .5252 1.8250 
.10 
48.00 
Valid N (listwise) 3     
enzyme 3 .0470 .2287 .2757 .9925 24.00 
Valid N (listwise) 3     
enzyme 3 .0546 .1772 .2319 .8325 
.50 
48.00 
Valid N (listwise) 3     
a. No statistics are computed for one or more split files because there are no valid cases. 
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Descriptive Statisticsa 
Mean Std. Deviation Variance Treatme
nt time Statistic Std. Error Statistic Statistic 
.00 enzyme 4.831194 .1930571 .3861141 .149 
24.00 enzyme 4.218481 .0508298 .1016596 .010 
.00 
48.00 enzyme 4.418705 .0641217 .1282434 .016 
24.00 enzyme 1.151447 .0791880 .1583759 .025 .05 
48.00 enzyme .764395 .0894507 .1789014 .032 
24.00 enzyme .550087 .0895488 .1790976 .032 .10 
48.00 enzyme .456242 .0386724 .0773448 .006 
24.00 enzyme .248129 .0100551 .0201103 .000 .50 
48.00 enzyme .208129 .0139192 .0278383 .001 
a. No statistics are computed for one or more split files because there are no valid 
cases. 
 
Descriptive Statisticsa 
Skewness Kurtosis Treatme
nt time Statistic Std. Error Statistic Std. Error 
.00 enzyme .589 1.014 .730 2.619 
24.00 enzyme .296 1.014 -3.737 2.619 
.00 
48.00 enzyme -1.779 1.014 3.346 2.619 
24.00 enzyme -1.642 1.014 2.644 2.619 .05 
48.00 enzyme .005 1.014 -5.947 2.619 
24.00 enzyme .018 1.014 -5.472 2.619 .10 
48.00 enzyme -1.042 1.014 .223 2.619 
24.00 enzyme 1.073 1.014 1.341 2.619 .50 
48.00 enzyme -.236 1.014 -4.653 2.619 
a. No statistics are computed for one or more split files because there are no valid 
cases. 
SPLIT FILE OFF. UNIANOVA enzyme BY Treatment time   /METHOD=SSTYPE(3)   
/INTERCEPT=INCLUDE   /POSTHOC=Treatment time(TUKEY BTUKEY LSD)   
/EMMEANS=TABLES(OVERALL)   /EMMEANS=TABLES(Treatment)   /EMMEANS=TABLES(time)   
/EMMEANS=TABLES(Treatment*time)   /PRINT=HOMOGENEITY DESCRIPTIVE   
/CRITERIA=ALPHA(.05)   /DESIGN=Treatment time Treatment*time. 
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Univariate Analysis of Variance 
 
 
Between-Subjects Factors 
  N 
.00 12 
.05 8 
.10 8 
Treatment 
.50 8 
.00 4 
24.00 16 
time 
48.00 16 
 
 
Treatme
nt time Mean Std. Deviation 
.00 4.831194 .3861141 
24.00 4.218481 .1016596 
48.00 4.418705 .1282434 
.00 
Total 4.489460 .3448937 
24.00 1.151447 .1583759 
48.00 .764395 .1789014 
.05 
Total .957921 .2593630 
24.00 .550087 .1790976 
48.00 .456242 .0773448 
.10 
Total .503164 .1372111 
24.00 .248129 .0201103 
48.00 .208129 .0278383 
.50 
Total .228129 .0310257 
.00 4.831194 .3861141 
24.00 1.542036 1.6350332 
48.00 1.461868 1.7779317 
Total 
Total 1.871868 1.9080547 
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Levene's Test of Equality of Error Variancesa 
Dependent Variable:enzyme 
F df1 df2 Sig. 
3.622 8 27 .006 
Tests the null hypothesis that the error variance of 
the dependent variable is equal across groups. 
a. Design: Intercept + Treatment + time + 
Treatment * time 
 
 
Tests of Between-Subjects Effects 
Dependent Variable:enzyme 
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Corrected Model 126.607a 8 15.826 523.282 .000 
Intercept 100.331 1 100.331 3317.443 .000 
Treatment 86.797 3 28.932 956.648 .000 
time .752 2 .376 12.434 .000 
Treatment * time .349 3 .116 3.849 .021 
Error .817 27 .030   
Total 253.564 36    
Corrected Total 127.424 35    
a. R Squared = .994 (Adjusted R Squared = .992) 
 
 
 
Estimated Marginal Means 
 
 
1. Grand Mean 
Dependent Variable:enzyme 
 95% Confidence Interval 
Mean Std. Error Lower Bound Upper Bound 
1.872a .029 1.812 1.931 
a. Based on modified population marginal mean. 
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2. Treatment 
Dependent Variable:enzyme 
 95% Confidence Interval Treatme
nt Mean Std. Error Lower Bound Upper Bound 
.00 4.489 .050 4.386 4.592 
.05 .958a .061 .832 1.084 
.10 .503a .061 .377 .629 
.50 .228a .061 .102 .354 
a. Based on modified population marginal mean. 
 
3. time 
Dependent Variable:enzyme 
 95% Confidence Interval 
time Mean Std. Error Lower Bound Upper Bound 
.00 4.831a .087 4.653 5.010 
24.00 1.542 .043 1.453 1.631 
48.00 1.462 .043 1.373 1.551 
a. Based on modified population marginal mean. 
4. Treatment * time 
Dependent Variable:enzyme 
 95% Confidence Interval Treatme
nt time Mean Std. Error Lower Bound Upper Bound 
.00 4.831 .087 4.653 5.010 
24.00 4.218 .087 4.040 4.397 
.00 
48.00 4.419 .087 4.240 4.597 
.00 .a . . . 
24.00 1.151 .087 .973 1.330 
.05 
48.00 .764 .087 .586 .943 
.00 .a . . . 
24.00 .550 .087 .372 .729 
.10 
48.00 .456 .087 .278 .635 
.00 .a . . . 
24.00 .248 .087 .070 .427 
.50 
48.00 .208 .087 .030 .387 
a. This level combination of factors is not observed, thus the corresponding 
population marginal mean is not estimable. 
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Post Hoc Tests 
 
 
Treatment 
 
 
Multiple Comparisons 
Dependent Variable:enzyme 
  
 
(I) 
Treatme
nt 
(J) 
Treatme
nt 
Mean Difference 
(I-J) Std. Error Sig. 
.05 3.531539* .0793771 .000 
.10 3.986296* .0793771 .000 
.00 
.50 4.261331* .0793771 .000 
.00 -3.531539* .0793771 .000 
.10 .454757* .0869533 .000 
.05 
.50 .729792* .0869533 .000 
.00 -3.986296* .0793771 .000 
.05 -.454757* .0869533 .000 
.10 
.50 .275035* .0869533 .019 
.00 -4.261331* .0793771 .000 
.05 -.729792* .0869533 .000 
Tukey HSD 
.50 
.10 -.275035* .0869533 .019 
.05 3.531539* .0793771 .000 
.10 3.986296* .0793771 .000 
.00 
.50 4.261331* .0793771 .000 
.00 -3.531539* .0793771 .000 
.10 .454757* .0869533 .000 
.05 
.50 .729792* .0869533 .000 
.00 -3.986296* .0793771 .000 
.05 -.454757* .0869533 .000 
.10 
.50 .275035* .0869533 .004 
.00 -4.261331* .0793771 .000 
.05 -.729792* .0869533 .000 
LSD 
.50 
.10 -.275035* .0869533 .004 
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Based on observed means. 
 The error term is Mean Square(Error) = .030. 
*. The mean difference is significant at the .05 level. 
 
Multiple Comparisons 
Dependent Variable:enzyme 
 95% Confidence Interval 
 
(I) 
Treatme
nt 
(J) 
Treatme
nt Lower Bound Upper Bound 
.05 3.314318 3.748759 
.10 3.769075 4.203516 
.00 
.50 4.044111 4.478552 
.00 -3.748759 -3.314318 
.10 .216804 .692710 
.05 
.50 .491839 .967745 
.00 -4.203516 -3.769075 
.05 -.692710 -.216804 
.10 
.50 .037082 .512988 
.00 -4.478552 -4.044111 
.05 -.967745 -.491839 
Tukey HSD 
.50 
.10 -.512988 -.037082 
.05 3.368670 3.694407 
.10 3.823427 4.149164 
.00 
.50 4.098463 4.424199 
.00 -3.694407 -3.368670 
.10 .276344 .633170 
.05 
.50 .551379 .908206 
.00 -4.149164 -3.823427 
.05 -.633170 -.276344 
.10 
.50 .096622 .453449 
.00 -4.424199 -4.098463 
.05 -.908206 -.551379 
LSD 
.50 
.10 -.453449 -.096622 
Based on observed means. 
 The error term is Mean Square(Error) = .030. 
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Homogeneous Subsets 
 
 
enzyme 
 
 Subset 
 
Treatme
nt N 1 2 3 4 
.50 8 .228129    
.10 8  .503164   
.05 8   .957921  
.00 12    4.489460 
Tukey HSDa,,b,,c 
Sig.  1.000 1.000 1.000 1.000 
.50 8 .228129    
.10 8  .503164   
.05 8   .957921  
Tukey Ba,,b,,c 
.00 12    4.489460 
Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 
 The error term is Mean Square(Error) = .030. 
a. Uses Harmonic Mean Sample Size = 8.727. 
b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error 
levels are not guaranteed. 
c. Alpha = .05. 
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Time 
 
 
Multiple Comparisons 
Dependent Variable:enzyme 
 
 95% Confidence Interval 
 
(I) time (J) time 
Mean Difference 
(I-J) Std. Error Sig. Lower Bound Upper Bound 
24.00 3.289158* .0972167 .000 3.048117 3.530199 .00 
48.00 3.369327* .0972167 .000 3.128286 3.610367 
.00 -3.289158* .0972167 .000 -3.530199 -3.048117 24.00 
48.00 .080168 .0614852 .405 -.072279 .232616 
.00 -3.369327* .0972167 .000 -3.610367 -3.128286 
Tukey HSD 
48.00 
24.00 -.080168 .0614852 .405 -.232616 .072279 
24.00 3.289158* .0972167 .000 3.089686 3.488631 .00 
48.00 3.369327* .0972167 .000 3.169854 3.568799 
.00 -3.289158* .0972167 .000 -3.488631 -3.089686 24.00 
48.00 .080168 .0614852 .203 -.045989 .206326 
.00 -3.369327* .0972167 .000 -3.568799 -3.169854 
LSD 
48.00 
24.00 -.080168 .0614852 .203 -.206326 .045989 
Based on observed means. 
 The error term is Mean Square(Error) = .030. 
*. The mean difference is significant at the .05 level. 
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Homogeneous Subsets 
 
 
enzyme 
 
 Subset 
 
time N 1 2 
48.00 12 1.461868  
24.00 12 1.542036  
.00 3  4.831194 
Tukey HSDa,,b,,c 
Sig.  .631 1.000 
48.00 12 1.461868  
24.00 12 1.542036  
Tukey Ba,,b,,c 
.00 3  4.831194 
Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 
 The error term is Mean Square(Error) = .030. 
a. Uses Harmonic Mean Sample Size = 8.000. 
b. The group sizes are unequal. The harmonic mean of the group 
sizes is used. Type I error levels are not guaranteed. 
c. Alpha = .05. 
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6. AChE activity of Daphnia carinata on exposure to fenitrothion 
 
The inhibition of AChE activity (% inhibition) in relation to untreated animals during 
exposure to fenitrothion at different concentrations 
 
The treatment 0.065 LC50, 0.13 LC50 ,0.65 LC50  are given as 0.05, 0.1, 0.5 
Descriptive Statistics 
Mean Std. Deviation Skewness Treatme
nt Time Statistic Std. Error Statistic Statistic Std. Error 
.00 Enzyme 5.0500 .13102 .32094 -.191 .845 
24.00 Enzyme 4.7250 .30380 .60759 -.191 1.014 
.00 
48.00 Enzyme 4.7500 .18484 .36968 .475 1.014 
24.00 Enzyme 1.5000 .08165 .16330 .000 1.014 .05 
48.00 Enzyme 1.3750 .08539 .17078 .753 1.014 
24.00 Enzyme 1.2750 .08539 .17078 .753 1.014 .10 
48.00 Enzyme 1.1000 .07071 .14142 1.414 1.014 
24.00 Enzyme .8000 .04082 .08165 .000 1.014 .50 
48.00 Enzyme .4000 .09129 .18257 .000 1.014 
 
Descriptive Statistics 
Kurtosis Treatme
nt Time Statistic Std. Error 
.00 Enzyme -1.305 1.741 
24.00 Enzyme -1.462 2.619 
.00 
48.00 Enzyme -2.716 2.619 
24.00 Enzyme 1.500 2.619 .05 
48.00 Enzyme .343 2.619 
24.00 Enzyme .343 2.619 .10 
48.00 Enzyme 1.500 2.619 
.50 24.00 Enzyme 1.500 2.619 
Duration of exposure, hours 
 
           Concentration of fenitrothion 
Time 
 
   0.05 LC50    0.1 LC50 
 
   0.5 LC50 
00 
 
------------  ------------ --------------- 
24 
 
68 73 
 
 79.2 
48 
 
71.65 77.4  83.4 
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Descriptive Statistics 
Kurtosis Treatme
nt Time Statistic Std. Error 
.00 Enzyme -1.305 1.741 
24.00 Enzyme -1.462 2.619 
.00 
48.00 Enzyme -2.716 2.619 
24.00 Enzyme 1.500 2.619 .05 
48.00 Enzyme .343 2.619 
24.00 Enzyme .343 2.619 .10 
48.00 Enzyme 1.500 2.619 
24.00 Enzyme 1.500 2.619 
48.00 Enzyme -3.300 2.619 
 
 
SPLIT FILE OFF. UNIANOVA Enzyme BY Treatment Time   /METHOD=SSTYPE(3)   
/INTERCEPT=INCLUDE   /POSTHOC=Treatment(TUKEY)   /CRITERIA=ALPHA(0.05)   
/DESIGN=Treatment Time Treatment*Time. 
 
 
Univariate Analysis of Variance 
 
 
 
Between-Subjects Factors 
  N 
.00 14 
.05 8 
.10 8 
Treatment 
.50 8 
.00 6 
24.00 16 
Time 
48.00 16 
 
 
 
 
 
 
 112 
Tests of Between-Subjects Effects 
Dependent Variable:Enzyme 
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Corrected Model 153.296a 8 19.162 225.206 .000 
Intercept 197.462 1 197.462 2320.729 .000 
Treatment 85.653 3 28.551 335.556 .000 
Time 2.716 2 1.358 15.959 .000 
Treatment * Time .278 3 .093 1.091 .369 
Error 2.468 29 .085   
Total 408.500 38    
Corrected Total 155.763 37    
a. R Squared = .984 (Adjusted R Squared = .980) 
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Post Hoc Tests 
 
 
Treatment 
 
 
Multiple Comparisons 
Enzyme 
Tukey HSD 
 95% Confidence Interval (I) 
Treatme
nt 
(J) 
Treatme
nt 
Mean Difference 
(I-J) Std. Error Sig. Lower Bound Upper Bound 
.05 3.7196* .12928 .000 3.3674 4.0719 
.10 3.9696* .12928 .000 3.6174 4.3219 
.00 
.50 4.5571* .12928 .000 4.2049 4.9094 
.00 -3.7196* .12928 .000 -4.0719 -3.3674 
.10 .2500 .14585 .335 -.1474 .6474 
.05 
.50 .8375* .14585 .000 .4401 1.2349 
.00 -3.9696* .12928 .000 -4.3219 -3.6174 
.05 -.2500 .14585 .335 -.6474 .1474 
.10 
.50 .5875* .14585 .002 .1901 .9849 
.00 -4.5571* .12928 .000 -4.9094 -4.2049 
.05 -.8375* .14585 .000 -1.2349 -.4401 
.50 
.10 -.5875* .14585 .002 -.9849 -.1901 
Based on observed means. 
 The error term is Mean Square(Error) = .085. 
*. The mean difference is significant at the 0.05 level. 
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Homogeneous Subsets 
 
 
Enzyme 
Tukey HSDa,,b,,c 
 Subset Treatme
nt N 1 2 3 
.50 8 .6000   
.10 8  1.1875  
.05 8  1.4375  
.00 14   5.1571 
Sig.  1.000 .287 1.000 
Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 
 The error term is Mean Square(Error) = .085. 
a. Uses Harmonic Mean Sample Size = 8.960. 
b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 
c. Alpha = 0.05. 
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8. Toxicity of chlorpyrifos : fenitrothion mixtures for D. carinata 
 
Mixture proportion (0:1, 1:3, 1:2, 1:1, 2:1, 3:1,1:0) are given as (1, 25, 33, 50, 67, 75, 80)   
 
Descriptive Statistics 
N Range Minimum Maximum 
Time concentration Statistic Statistic Statistic Statistic 
enz 6 .21 5.20 5.42 .00 .00 
Valid N (listwise) 6    
enz 4 .50 4.96 5.46 .00 
Valid N (listwise) 4    
enz 4 .21 1.57 1.78 1 
Valid N (listwise) 4    
enz 4 .27 2.36 2.63 25.00 
Valid N (listwise) 4    
enz 4 .17 2.05 2.21 33.00 
Valid N (listwise) 4    
enz 4 .04 .58 .62 50.00 
Valid N (listwise) 4    
enz 4 .23 .76 .99 67.00 
Valid N (listwise) 4    
enz 4 .08 .63 .71 75.00 
Valid N (listwise) 4    
enz 4 .02 .58 .60 
24.00 
80.00 
Valid N (listwise) 4    
enz 4 .21 5.07 5.28 .00 
Valid N (listwise) 4    
enz 2 .03 1.28 1.31 1.00 
Valid N (listwise) 2    
enz 3 .14 1.50 1.64 25.00 
Valid N (listwise) 3    
enz 3 .11 1.38 1.49 33.00 
Valid N (listwise) 3    
enz 2 .01 .37 .38 50.00 
Valid N (listwise) 2    
enz 2 .01 .69 .69 
48.00 
67.00 
Valid N (listwise) 2    
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enz 2 .02 .63 .65 75.00 
Valid N (listwise) 2    
enz 2 .02 .35 .37 80.00 
Valid N (listwise) 2    
 
Descriptive Statistics 
Mean Std. Deviation Variance 
Time concentration Statistic Std. Error Statistic Statistic 
.00 .00 enz 5.3077 .03921 .09605 .009 
.00 enz 5.2151 .11122 .22244 .049 
1.00 enz 1.6985 .04610 .09220 .009 
25.00 enz 2.4500 .06106 .12212 .015 
33.00 enz 2.1362 .04009 .08017 .006 
50.00 enz .6022 .00918 .01836 .000 
67.00 enz .8430 .05045 .10090 .010 
75.00 enz .6775 .01786 .03571 .001 
24.00 
80.00 enz .5927 .00508 .01016 .000 
.00 enz 5.1738 .04640 .09280 .009 
1.00 enz 1.2986 .01636 .02314 .001 
25.00 enz 1.5867 .04372 .07572 .006 
33.00 enz 1.4480 .03470 .06010 .004 
50.00 enz .3785 .00377 .00533 .000 
67.00 enz .6900 .00280 .00396 .000 
75.00 enz .6400 .01000 .01414 .000 
48.00 
80.00 enz .3626 .00983 .01390 .000 
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Descriptive Statistics 
Skewness Kurtosis 
Time concentration Statistic Std. Error Statistic Std. Error 
.00 .00 enz -.094 .845 -2.621 1.741 
.00 enz -.141 1.014 -2.111 2.619 
1.00 enz -1.279 1.014 1.285 2.619 
25.00 enz 1.824 1.014 3.505 2.619 
33.00 enz -.228 1.014 -4.273 2.619 
50.00 enz .149 1.014 -3.270 2.619 
67.00 enz 1.507 1.014 2.338 2.619 
75.00 enz -1.307 1.014 2.012 2.619 
24.00 
80.00 enz -.368 1.014 -.456 2.619 
.00 enz .075 1.014 -2.539 2.619 
1.00 enz . . . . 
25.00 enz -1.597 1.225 . . 
33.00 enz -1.427 1.225 . . 
50.00 enz . . . . 
67.00 enz . . . . 
75.00 enz . . . . 
48.00 
80.00 enz . . . . 
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Descriptive Statistics 
Dependent Variable:enz 
concentr
ation Time Mean Std. Deviation N 
.00 5.3077 .09605 6 
24.00 5.2151 .22244 4 
48.00 5.1738 .09280 4 
.00 
Total 5.2430 .14352 14 
24.00 1.6985 .09220 4 
48.00 1.2986 .02314 2 
1.00 
Total 1.5652 .21873 6 
24.00 2.4500 .12212 4 
48.00 1.5867 .07572 3 
25.00 
Total 2.0800 .47150 7 
24.00 2.1362 .08017 4 
48.00 1.4480 .06010 3 
33.00 
Total 1.8413 .37381 7 
24.00 .6022 .01836 4 
48.00 .3785 .00533 2 
50.00 
Total .5277 .11644 6 
24.00 .8430 .10090 4 
48.00 .6900 .00396 2 
67.00 
Total .7920 .11116 6 
24.00 .6775 .03571 4 
48.00 .6400 .01414 2 
75.00 
Total .6650 .03436 6 
24.00 .5927 .01016 4 
48.00 .3626 .01390 2 
80.00 
Total .5160 .11924 6 
.00 5.3077 .09605 6 
24.00 1.7769 1.49583 32 
48.00 1.8269 1.77559 20 
Total 
Total 2.1594 1.85280 58 
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Levene's Test of Equality of Error Variancesa 
Dependent Variable:enz 
F df1 df2 Sig. 
4.535 16 41 .000 
Tests the null hypothesis that the error variance 
of the dependent variable is equal across groups. 
a. Design: Intercept + concentration + Time + 
concentration * Time 
 
 
Tests of Between-Subjects Effects 
Dependent Variable:enz 
Source 
Type III Sum of 
Squares df Mean Square 
Hypothesis 150.263 1 150.263 Intercept 
Error 1.253 1.828 .685a 
Hypothesis 124.069 7 17.724 concentration 
Error 1.063 7 .152b 
Hypothesis 1.328 2 .664 Time 
Error 1.365 6.791 .201c 
Hypothesis 1.063 7 .152 concentration * Time 
Error .365 41 .009d 
a. 1.079 MS(Time) - .213 MS(concentration * Time) + .134 MS(Error) 
b.  MS(concentration * Time) 
c. 1.344 MS(concentration * Time) - .344 MS(Error) 
d.  MS(Error) 
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Expected Mean Squaresa,b 
Variance Component 
Source Var(Time) 
Var(concentratio
n * Time) Var(Error) Quadratic Term 
Intercept 15.524 3.726 1.000 Intercept, 
concentration 
concentration .000 3.012 1.000 concentration 
Time 14.387 4.048 1.000  
concentration * Time .000 3.012 1.000  
Error .000 .000 1.000  
a. For each source, the expected mean square equals the sum of the coefficients in the 
cells times the variance components, plus a quadratic term involving effects in the 
Quadratic Term cell. 
b. Expected Mean Squares are based on the Type III Sums of Squares. 
 
Estimated Marginal Means 
1. Grand Mean 
Dependent Variable:enz 
 95% Confidence Interval 
Mean Std. Error Lower Bound Upper Bound 
1.829a .013 1.803 1.856 
a. Based on modified population marginal mean. 
2. concentration 
Dependent Variable:enz 
 95% Confidence Interval concentr
ation Mean Std. Error Lower Bound Upper Bound 
.00 5.232 .026 5.180 5.284 
1.00 1.499a .041 1.416 1.581 
25.00 2.018a .036 1.946 2.091 
33.00 1.792a .036 1.719 1.865 
50.00 .490a .041 .408 .573 
67.00 .767a .041 .684 .849 
75.00 .659a .041 .576 .741 
80.00 .478a .041 .395 .560 
a. Based on modified population marginal mean. 
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3. Time 
Dependent Variable:enz 
 95% Confidence Interval 
Time Mean Std. Error Lower Bound Upper Bound 
.00 5.308a .039 5.230 5.385 
24.00 1.777 .017 1.743 1.811 
48.00 1.447 .022 1.403 1.491 
a. Based on modified population marginal mean. 
4. concentration * Time 
Dependent Variable:enz 
 
95% Confidence 
Interval 
concentr
ation Time Mean Std. Error Lower Bound 
Upper 
Bound 
.00 5.308 .039 5.230 5.385 
24.00 5.215 .047 5.120 5.310 
.00 
48.00 5.174 .047 5.079 5.269 
.00 .a . . . 
24.00 1.698 .047 1.603 1.794 
1.00 
48.00 1.299 .067 1.164 1.433 
.00 .a . . . 
24.00 2.450 .047 2.355 2.545 
25.00 
48.00 1.587 .054 1.477 1.697 
.00 .a . . . 
24.00 2.136 .047 2.041 2.232 
33.00 
48.00 1.448 .054 1.338 1.558 
.00 .a . . . 
24.00 .602 .047 .507 .698 
50.00 
48.00 .378 .067 .244 .513 
.00 .a . . . 
24.00 .843 .047 .748 .938 
67.00 
48.00 .690 .067 .555 .825 
.00 .a . . . 75.00 
24.00 .678 .047 .582 .773 
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3. Time 
Dependent Variable:enz 
 95% Confidence Interval 
Time Mean Std. Error Lower Bound Upper Bound 
.00 5.308a .039 5.230 5.385 
24.00 1.777 .017 1.743 1.811 
48.00 1.447 .022 1.403 1.491 
48.00 .640 .067 .505 .775 
.00 .a . . . 
24.00 .593 .047 .497 .688 
80.00 
48.00 .363 .067 .228 .497 
a. This level combination of factors is not observed, thus the 
corresponding population marginal mean is not estimable. 
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Post Hoc Tests 
 
 
 
Multiple Comparisons 
enz 
Tukey HSD 
 95% Confidence Interval (I) 
concentr
ation 
(J) 
concentr
ation 
Mean Difference 
(I-J) Std. Error Sig. Lower Bound Upper Bound 
1.00 3.6778* .04606 .000 3.5308 3.8248 
25.00 3.1630* .04369 .000 3.0235 3.3025 
33.00 3.4017* .04369 .000 3.2622 3.5412 
50.00 4.7153* .04606 .000 4.5683 4.8623 
67.00 4.4509* .04606 .000 4.3039 4.5980 
75.00 4.5780* .04606 .000 4.4309 4.7250 
.00 
80.00 4.7270* .04606 .000 4.5800 4.8740 
.00 -3.6778* .04606 .000 -3.8248 -3.5308 
25.00 -.5148* .05251 .000 -.6824 -.3472 
33.00 -.2761* .05251 .000 -.4437 -.1084 
50.00 1.0375* .05450 .000 .8636 1.2115 
67.00 .7732* .05450 .000 .5992 .9471 
75.00 .9002* .05450 .000 .7262 1.0742 
1.00 
80.00 1.0492* .05450 .000 .8752 1.2232 
.00 -3.1630* .04369 .000 -3.3025 -3.0235 
1.00 .5148* .05251 .000 .3472 .6824 
33.00 .2387* .05045 .001 .0777 .3998 
50.00 1.5523* .05251 .000 1.3847 1.7200 
67.00 1.2880* .05251 .000 1.1203 1.4556 
75.00 1.4150* .05251 .000 1.2473 1.5826 
25.00 
80.00 1.5640* .05251 .000 1.3964 1.7317 
.00 -3.4017* .04369 .000 -3.5412 -3.2622 
1.00 .2761* .05251 .000 .1084 .4437 
33.00 
25.00 -.2387* .05045 .001 -.3998 -.0777 
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50.00 1.3136* .05251 .000 1.1459 1.4812 
67.00 1.0492* .05251 .000 .8816 1.2169 
75.00 1.1762* .05251 .000 1.0086 1.3439 
80.00 1.3253* .05251 .000 1.1576 1.4929 
.00 -4.7153* .04606 .000 -4.8623 -4.5683 
1.00 -1.0375* .05450 .000 -1.2115 -.8636 
25.00 -1.5523* .05251 .000 -1.7200 -1.3847 
33.00 -1.3136* .05251 .000 -1.4812 -1.1459 
67.00 -.2644* .05450 .000 -.4383 -.0904 
75.00 -.1373 .05450 .216 -.3113 .0366 
50.00 
80.00 .0117 .05450 1.000 -.1623 .1857 
.00 -4.4509* .04606 .000 -4.5980 -4.3039 
1.00 -.7732* .05450 .000 -.9471 -.5992 
25.00 -1.2880* .05251 .000 -1.4556 -1.1203 
33.00 -1.0492* .05251 .000 -1.2169 -.8816 
50.00 .2644* .05450 .000 .0904 .4383 
75.00 .1270 .05450 .302 -.0469 .3010 
67.00 
80.00 .2761* .05450 .000 .1021 .4500 
.00 -4.5780* .04606 .000 -4.7250 -4.4309 
1.00 -.9002* .05450 .000 -1.0742 -.7262 
25.00 -1.4150* .05251 .000 -1.5826 -1.2473 
33.00 -1.1762* .05251 .000 -1.3439 -1.0086 
50.00 .1373 .05450 .216 -.0366 .3113 
67.00 -.1270 .05450 .302 -.3010 .0469 
75.00 
80.00 .1490 .05450 .141 -.0249 .3230 
.00 -4.7270* .04606 .000 -4.8740 -4.5800 
1.00 -1.0492* .05450 .000 -1.2232 -.8752 
25.00 -1.5640* .05251 .000 -1.7317 -1.3964 
33.00 -1.3253* .05251 .000 -1.4929 -1.1576 
50.00 -.0117 .05450 1.000 -.1857 .1623 
67.00 -.2761* .05450 .000 -.4500 -.1021 
80.00 
75.00 -.1490 .05450 .141 -.3230 .0249 
Based on observed means. 
 The error term is Mean Square(Error) = .009. 
*. The mean difference is significant at the .05 level. 
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Homogeneous Subsets 
 
 
enz 
Tukey HSDa,,b,,c 
 Subset concentr
ation N 1 2 3 4 5 6 
80.00 6 .5160      
50.00 6 .5277      
75.00 6 .6650 .6650     
67.00 6  .7920     
1.00 6   1.5652    
33.00 7    1.8413   
25.00 7     2.0800  
.00 14      5.2430 
Sig.  .100 .238 1.000 1.000 1.000 1.000 
Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 
 The error term is Mean Square(Error) = .009. 
a. Uses Harmonic Mean Sample Size = 6.720. 
b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error 
levels are not guaranteed. 
c. Alpha = .05. 
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9. AChE activity of P. australiensis during exposure to chlorpyrifos 
 
 The inhibition of AChE activity (% inhibition) in relation to untreated animals during 
exposure to chlorpyrifos at different concentrations 
 
Duration of exposure, hours 
 
                   Concentration of chlorpyrifos  
Time 
 
   0.065 LC50    0.1 LC50    0.65 LC50 
00 
 
------------  ------------ --------------- 
24 
 
    2     17      31 
48 
 
   21    21                                   56 
72 
 
   36     37.4        56 
96 
 
   39.8      61         72 
 
 
The treatment 0.065 LC50, 0.13 LC50 ,0.65 LC50  are given as 0.05, 0.1, 0.5. 
 
Descriptive Statistics 
N Minimum Maximum Sum 
Time Treatment Statistic Statistic Statistic Statistic 
Activity 4 29.00 30.60 118.70 .00 .00 
Valid N (listwise) 4    
Activity 4 27.00 29.40 113.60 .00 
Valid N (listwise) 4    
Activity 4 27.62 29.00 112.82 .05 
Valid N (listwise) 4    
Activity 4 24.07 25.17 98.99 .10 
Valid N (listwise) 4    
Activity 4 18.80 20.80 79.40 
24.00 
.50 
Valid N (listwise) 4    
Activity 4 28.00 30.50 116.20 .00 
Valid N (listwise) 4    
Activity 4 22.75 24.68 94.90 .05 
Valid N (listwise) 4    
Activity 4 22.00 24.70 94.80 .10 
Valid N (listwise) 4    
48.00 
.50 Activity 4 10.70 15.60 52.20 
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Valid N (listwise) 4    
Activity 4 28.00 29.80 115.00 .00 
Valid N (listwise) 4    
Activity 4 16.58 19.54 74.56 .05 
Valid N (listwise) 4    
Activity 4 16.40 19.20 72.70 .10 
Valid N (listwise) 4    
Activity 4 10.40 15.80 52.20 
72.00 
.50 
Valid N (listwise) 4    
Activity 4 27.20 30.00 115.10 .00 
Valid N (listwise) 4    
Activity 4 16.64 19.54 70.89 .05 
Valid N (listwise) 4    
Activity 4 10.00 15.20 45.60 .10 
Valid N (listwise) 4    
Activity 4 7.20 11.70 35.50 
96.00 
.50 
Valid N (listwise) 4    
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Descriptive Statistics 
Mean Std. Deviation Skewness 
Time Treatment Statistic Std. Error Statistic Statistic Std. Error 
.00 .00 Activity 29.6750 .40285 .80571 .323 1.014 
.00 Activity 28.4000 .50332 1.00664 -1.129 1.014 
.05 Activity 28.2048 .28825 .57650 1.043 1.014 
.10 Activity 24.7478 .24181 .48362 -1.317 1.014 
24.00 
.50 Activity 19.8500 .40927 .81854 -.365 1.014 
.00 Activity 29.0500 .52678 1.05357 1.053 1.014 
.05 Activity 23.7247 .43800 .87600 -.037 1.014 
.10 Activity 23.7000 .64420 1.28841 -.916 1.014 
48.00 
.50 Activity 13.0500 1.00706 2.01412 .291 1.014 
.00 Activity 28.7500 .45000 .90000 .370 1.014 
.05 Activity 18.6406 .69233 1.38466 -1.910 1.014 
.10 Activity 18.1750 .61152 1.22304 -1.605 1.014 
72.00 
.50 Activity 13.0500 1.28160 2.56320 .056 1.014 
.00 Activity 28.7750 .58931 1.17863 -.811 1.014 
.05 Activity 17.7221 .68939 1.37878 .925 1.014 
.10 Activity 11.4000 1.26754 2.53509 1.992 1.014 
96.00 
.50 Activity 8.8750 1.00695 2.01391 1.324 1.014 
 
Descriptive Statistics 
Kurtosis 
Time Treatment Statistic Std. Error 
.00 .00 Activity -4.167 2.619 
.00 Activity 2.227 2.619 
.05 Activity 2.118 2.619 
.10 Activity 1.625 2.619 
24.00 
.50 Activity 1.574 2.619 
.00 Activity 1.788 2.619 
.05 Activity -3.173 2.619 
.10 Activity -.968 2.619 
48.00 
.50 Activity 1.245 2.619 
.00 Activity -3.901 2.619 72.00 
.05 Activity 3.709 2.619 
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.10 Activity 2.998 2.619 
.50 Activity -4.257 2.619 
.00 Activity 1.075 2.619 
.05 Activity -.919 2.619 
.10 Activity 3.973 2.619 
96.00 
.50 Activity 1.387 2.619 
 
 
SPLIT FILE OFF. UNIANOVA Activity BY Time Treatment   /RANDOM=Treatment   
/METHOD=SSTYPE(3)   /INTERCEPT=INCLUDE   /POSTHOC=Time(TUKEY)   
/PRINT=DESCRIPTIVE   /CRITERIA=ALPHA(.05)   /DESIGN=Time Treatment 
Time*Treatment. 
 
 
Univariate Analysis of Variance 
 
 
Between-Subjects Factors 
  N 
.00 4 
24.00 16 
48.00 16 
72.00 16 
Time 
96.00 16 
.00 20 
.05 16 
.10 16 
Treatment 
.50 16 
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Time 
Treatm
ent Mean Std. Deviation 
.00 29.6750 .80571 .00 
Total 29.6750 .80571 
.00 28.4000 1.00664 
.05 28.2048 .57650 
.10 24.7478 .48362 
.50 19.8500 .81854 
24.00 
Total 25.3007 3.64208 
.00 29.0500 1.05357 
.05 23.7247 .87600 
.10 23.7000 1.28841 
.50 13.0500 2.01412 
48.00 
Total 22.3812 6.12718 
.00 28.7500 .90000 
.05 18.6406 1.38466 
.10 18.1750 1.22304 
.50 13.0500 2.56320 
72.00 
Total 19.6539 6.05881 
.00 28.7750 1.17863 
.05 17.7221 1.37878 
.10 11.4000 2.53509 
.50 8.8750 2.01391 
96.00 
Total 16.6930 8.10762 
.00 28.9300 .98787 
.05 22.0731 4.46400 
.10 19.5057 5.65466 
.50 13.7063 4.42605 
Total 
Total 21.5171 6.94947 
 
 
 
 
 
 
 
 131 
Tests of Between-Subjects Effects 
Dependent Variable:Activity 
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Hypothesis 27686.454 1 27686.454 46.583 .006 Intercept 
Error 1793.352 3.017 594.347a   
Hypothesis 655.014 4 163.754 4.456 .029 Time 
Error 330.738 9 36.749b   
Hypothesis 1864.779 3 621.593 16.915 .000 Treatment 
Error 330.738 9 36.749b   
Hypothesis 330.738 9 36.749 17.820 .000 Time * Treatment 
Error 105.176 51 2.062c   
a. .953 MS(Treatment) + .047 MS(Time * Treatment) 
b.  MS(Time * Treatment) 
c.  MS(Error) 
 
Expected Mean Squaresa,b 
Variance Component 
Source Var(Treatment) 
Var(Time * 
Treatment) Var(Error) Quadratic Term 
Intercept 15.255 4.000 1.000 Intercept, Time 
Time .000 4.000 1.000 Time 
Treatment 16.000 4.000 1.000  
Time * Treatment .000 4.000 1.000  
Error .000 .000 1.000  
a. For each source, the expected mean square equals the sum of the coefficients in the 
cells times the variance components, plus a quadratic term involving effects in the 
Quadratic Term cell. 
b. Expected Mean Squares are based on the Type III Sums of Squares. 
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Post Hoc Tests 
 
 
Time 
 
 
Multiple Comparisons 
Activity 
Tukey HSD 
 95% Confidence Interval 
(I) Time (J) Time 
Mean Difference 
(I-J) Std. Error Sig. Lower Bound Upper Bound 
24.00 4.3743* .80278 .000 2.1043 6.6444 
48.00 7.2938* .80278 .000 5.0238 9.5639 
72.00 10.0211* .80278 .000 7.7510 12.2912 
.00 
96.00 12.9820* .80278 .000 10.7119 15.2520 
.00 -4.3743* .80278 .000 -6.6444 -2.1043 
48.00 2.9195* .50772 .000 1.4838 4.3552 
72.00 5.6468* .50772 .000 4.2110 7.0825 
24.00 
96.00 8.6076* .50772 .000 7.1719 10.0433 
.00 -7.2938* .80278 .000 -9.5639 -5.0238 
24.00 -2.9195* .50772 .000 -4.3552 -1.4838 
72.00 2.7273* .50772 .000 1.2916 4.1630 
48.00 
96.00 5.6881* .50772 .000 4.2524 7.1239 
.00 -10.0211* .80278 .000 -12.2912 -7.7510 
24.00 -5.6468* .50772 .000 -7.0825 -4.2110 
48.00 -2.7273* .50772 .000 -4.1630 -1.2916 
72.00 
96.00 2.9609* .50772 .000 1.5251 4.3966 
.00 -12.9820* .80278 .000 -15.2520 -10.7119 
24.00 -8.6076* .50772 .000 -10.0433 -7.1719 
48.00 -5.6881* .50772 .000 -7.1239 -4.2524 
96.00 
72.00 -2.9609* .50772 .000 -4.3966 -1.5251 
Based on observed means. 
 The error term is Mean Square(Error) = 2.062. 
*. The mean difference is significant at the .05 level. 
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Homogeneous Subsets 
 
 
Activity 
Tukey HSDa,,b,,c 
 Subset 
Time N 1 2 3 4 5 
96.00 16 16.6930     
72.00 16  19.6539    
48.00 16   22.3812   
24.00 16    25.3007  
.00 4     29.6750 
Sig.  1.000 1.000 1.000 1.000 1.000 
Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 
 The error term is Mean Square(Error) = 2.062. 
a. Uses Harmonic Mean Sample Size = 10.000. 
b. The group sizes are unequal. The harmonic mean of the group sizes is used. 
Type I error levels are not guaranteed. 
c. Alpha = .05. 
 
 
UNIANOVA Activity BY Time Treatment   /METHOD=SSTYPE(3)   /INTERCEPT=INCLUDE   
/POSTHOC=Treatment(TUKEY)   /PRINT=DESCRIPTIVE   /CRITERIA=ALPHA(.05)   
/DESIGN=Time Treatment Time*Treatment. 
 
Univariate Analysis of Variance 
 
Between-Subjects Factors 
  N 
.00 4 
24.00 16 
48.00 16 
72.00 16 
Time 
96.00 16 
.00 20 
.05 16 
.10 16 
Treatment 
.50 16 
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Time 
Treatm
ent Mean Std. Deviation 
.00 29.6750 .80571 .00 
Total 29.6750 .80571 
.00 28.4000 1.00664 
.05 28.2048 .57650 
.10 24.7478 .48362 
.50 19.8500 .81854 
24.00 
Total 25.3007 3.64208 
.00 29.0500 1.05357 
.05 23.7247 .87600 
.10 23.7000 1.28841 
.50 13.0500 2.01412 
48.00 
Total 22.3812 6.12718 
.00 28.7500 .90000 
.05 18.6406 1.38466 
.10 18.1750 1.22304 
.50 13.0500 2.56320 
72.00 
Total 19.6539 6.05881 
.00 28.7750 1.17863 
.05 17.7221 1.37878 
.10 11.4000 2.53509 
.50 8.8750 2.01391 
96.00 
Total 16.6930 8.10762 
.00 28.9300 .98787 
.05 22.0731 4.46400 
.10 19.5057 5.65466 
.50 13.7063 4.42605 
Total 
Total 21.5171 6.94947 
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Tests of Between-Subjects Effects 
Dependent Variable:Activity 
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Corrected Model 3130.602a 16 195.663 94.877 .000 
Intercept 27686.454 1 27686.454 13425.218 .000 
Time 655.014 4 163.754 79.404 .000 
Treatment 1864.779 3 621.593 301.412 .000 
Time * Treatment 330.738 9 36.749 17.820 .000 
Error 105.176 51 2.062   
Total 34718.679 68    
Corrected Total 3235.778 67    
a. R Squared = .967 (Adjusted R Squared = .957) 
 
 
 
Post Hoc Tests 
Treatment 
Multiple Comparisons 
Activity 
Tukey HSD 
 95% Confidence Interval (I) 
Treatm
ent 
(J) 
Treatm
ent 
Mean Difference 
(I-J) Std. Error Sig. Lower Bound Upper Bound 
.05 6.8569* .48167 .000 5.5777 8.1362 
.10 9.4243* .48167 .000 8.1451 10.7035 
.00 
.50 15.2237* .48167 .000 13.9445 16.5030 
.00 -6.8569* .48167 .000 -8.1362 -5.5777 
.10 2.5674* .50772 .000 1.2190 3.9158 
.05 
.50 8.3668* .50772 .000 7.0184 9.7152 
.00 -9.4243* .48167 .000 -10.7035 -8.1451 
.05 -2.5674* .50772 .000 -3.9158 -1.2190 
.10 
.50 5.7994* .50772 .000 4.4510 7.1479 
.00 -15.2237* .48167 .000 -16.5030 -13.9445 
.05 -8.3668* .50772 .000 -9.7152 -7.0184 
.50 
.10 -5.7994* .50772 .000 -7.1479 -4.4510 
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Based on observed means. 
 The error term is Mean Square(Error) = 2.062. 
*. The mean difference is significant at the .05 level. 
 
 
 
Homogeneous Subsets 
 
 
Activity 
Tukey HSDa,,b,,c 
 Subset Treatm
ent N 1 2 3 4 
.50 16 13.7063    
.10 16  19.5057   
.05 16   22.0731  
.00 20    28.9300 
Sig.  1.000 1.000 1.000 1.000 
Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 
 The error term is Mean Square(Error) = 2.062. 
a. Uses Harmonic Mean Sample Size = 16.842. 
b. The group sizes are unequal. The harmonic mean of the group sizes 
is used. Type I error levels are not guaranteed. 
c. Alpha = .05. 
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10. AChE activity of P. australiensis during exposure to fenitrothion 
 
 
The inhibition of AChE activity (% inhibition) in relation to untreated animals during 
exposure to fenitrothion at different concentrations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The treatment 0.065 LC50, 0.13 LC50 ,0.65 LC50  are given as 0.05, 0.1, 0.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Duration of exposure, hours 
 
      Concentration of fenitrothion 
Time 
 
  0.065 LC50    0.10 LC50 
 
   0.65 LC50 
00 
 
------------  ------------ --------------- 
24 
 
69.4 71  71 
48 
 
68.6 71.1 71.5 
72 
 
75 82.2 88.1 
96 
 
75 81.7 94 
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Descriptive Statistics 
N Minimum Maximum Sum Treatm
ent Time Statistic Statistic Statistic Statistic 
Enzyme 5 14.35 22.78 152.16 .00 
Valid N (listwise) 5    
Enzyme 5 16.54 24.56 156.84 24.00 
Valid N (listwise) 5    
Enzyme 5 16.58 28.17 166.36 48.00 
Valid N (listwise) 5    
Enzyme 5 14.68 25.68 174.59 72.00 
Valid N (listwise) 5    
Enzyme 5 16.64 24.80 178.89 
.00 
96.00 
Valid N (listwise) 5    
Enzyme 5 1.36 8.76 51.71 24.00 
Valid N (listwise) 5    
Enzyme 5 3.86 10.07 52.80 48.00 
Valid N (listwise) 5    
Enzyme 5 2.91 13.53 46.51 72.00 
Valid N (listwise) 5    
Enzyme 5 1.84 8.40 44.85 
.05 
96.00 
Valid N (listwise) 5    
Enzyme 5 3.22 8.82 45.68 24.00 
Valid N (listwise) 5    
Enzyme 5 3.16 11.12 48.78 48.00 
Valid N (listwise) 5    
Enzyme 5 1.55 7.04 31.27 72.00 
Valid N (listwise) 5    
Enzyme 5 2.21 9.10 33.18 
.10 
96.00 
Valid N (listwise) 5    
Enzyme 5 3.29 9.34 42.24 24.00 
Valid N (listwise) 5    
Enzyme 5 3.06 8.88 47.66 48.00 
Valid N (listwise) 5    
.50 
72.00 Enzyme 5 .60 5.01 21.49 
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Valid N (listwise) 5    
Enzyme 5 .40 2.76 10.94 96.00 
Valid N (listwise) 5    
 
 
 
Descriptive Statistics 
Mean Std. Deviation Treatm
ent Time Statistic Std. Error Statistic 
.00 Enzyme 19.0203 .94013 2.65910 
24.00 Enzyme 19.6046 .99578 2.81648 
48.00 Enzyme 20.7952 1.50147 4.24679 
72.00 Enzyme 21.8235 1.29116 3.65194 
.00 
96.00 Enzyme 22.3613 .88798 2.51157 
24.00 Enzyme 5.7453 .74797 2.24391 
48.00 Enzyme 6.5994 .85298 2.41260 
72.00 Enzyme 5.8136 1.19413 3.37751 
.05 
96.00 Enzyme 5.6060 .73441 2.07723 
24.00 Enzyme 5.7096 .72971 2.06392 
48.00 Enzyme 6.0972 .90131 2.54929 
72.00 Enzyme 3.9091 .60853 1.72117 
.10 
96.00 Enzyme 4.1480 .77084 2.18026 
24.00 Enzyme 6.0339 .90945 2.40617 
48.00 Enzyme 5.9575 .81921 2.31706 
72.00 Enzyme 2.6864 .49988 1.41388 
.50 
96.00 Enzyme 1.3674 .29120 .82364 
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Descriptive Statistics 
Skewness Kurtosis Treatm
ent Time Statistic Std. Error Statistic Std. Error 
.00 Enzyme -.625 .752 .249 1.481 
24.00 Enzyme 1.199 .752 .103 1.481 
48.00 Enzyme .825 .752 -.605 1.481 
72.00 Enzyme -1.023 .752 .994 1.481 
.00 
96.00 Enzyme -1.978 .752 4.750 1.481 
24.00 Enzyme -.686 .717 .537 1.400 
48.00 Enzyme .420 .752 -1.360 1.481 
72.00 Enzyme 2.071 .752 4.702 1.481 
.05 
96.00 Enzyme -.452 .752 .575 1.481 
24.00 Enzyme .509 .752 -1.290 1.481 
48.00 Enzyme 1.119 .752 1.251 1.481 
72.00 Enzyme .713 .752 .475 1.481 
.10 
96.00 Enzyme 1.970 .752 4.649 1.481 
24.00 Enzyme .208 .794 -1.883 1.587 
48.00 Enzyme .057 .752 -1.698 1.481 
72.00 Enzyme .187 .752 -.303 1.481 
.50 
96.00 Enzyme .708 .752 -.445 1.481 
 
SPLIT FILE OFF. UNIANOVA Enzyme BY Treatment Time   /METHOD=SSTYPE(3)   
/INTERCEPT=INCLUDE   /POSTHOC=Treatment(TUKEY)   /PRINT=DESCRIPTIVE   
/CRITERIA=ALPHA(.05)   /DESIGN=Treatment Time Treatment*Time. 
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Treatm
ent Time Mean Std. Deviation 
.00 19.0203 2.65910 
24.00 19.6046 2.81648 
48.00 20.7952 4.24679 
72.00 21.8235 3.65194 
96.00 22.3613 2.51157 
.00 
Total 20.7210 3.33276 
24.00 5.7453 2.24391 
48.00 6.5994 2.41260 
72.00 5.8136 3.37751 
96.00 5.6060 2.07723 
.05 
Total 5.9351 2.47438 
24.00 5.7096 2.06392 
48.00 6.0972 2.54929 
72.00 3.9091 1.72117 
96.00 4.1480 2.18026 
.10 
Total 4.9660 2.25954 
24.00 6.0339 2.40617 
48.00 5.9575 2.31706 
72.00 2.6864 1.41388 
96.00 1.3674 .82364 
.50 
Total 3.9461 2.70697 
.00 19.0203 2.65910 
24.00 9.2643 6.47905 
48.00 9.8623 7.01807 
72.00 8.5582 8.27878 
96.00 8.3707 8.56557 
Total 
Total 9.6025 7.73431 
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Tests of Between-Subjects Effects 
Dependent Variable:Enzyme 
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Corrected Model 7295.383a 16 455.961 69.541 .000 
Intercept 9967.255 1 9967.255 1520.159 .000 
Treatment 6318.394 3 2106.131 321.217 .000 
Time 73.980 4 18.495 2.821 .028 
Treatment * Time 154.010 9 17.112 2.610 .009 
Error 780.249 119 6.557   
Total 20615.863 136    
Corrected Total 8075.633 135    
a. R Squared = .903 (Adjusted R Squared = .890) 
 
Post Hoc Tests 
Treatment 
Multiple Comparisons 
Enzyme 
Tukey HSD 
 95% Confidence Interval (I) 
Treatm
ent 
(J) 
Treatm
ent 
Mean Difference 
(I-J) Std. Error Sig. Lower Bound Upper Bound 
.05 14.7858* .60217 .000 13.2168 16.3549 
.10 15.7550* .60730 .000 14.1726 17.3375 
.00 
.50 16.7749* .61272 .000 15.1783 18.3715 
.00 -14.7858* .60217 .000 -16.3549 -13.2168 
.10 .9692 .63528 .426 -.6862 2.6245 
.05 
.50 1.9891* .64047 .013 .3202 3.6580 
.00 -15.7550* .60730 .000 -17.3375 -14.1726 
.05 -.9692 .63528 .426 -2.6245 .6862 
.10 
.50 1.0199 .64529 .394 -.6615 2.7014 
.00 -16.7749* .61272 .000 -18.3715 -15.1783 
.05 -1.9891* .64047 .013 -3.6580 -.3202 
.50 
.10 -1.0199 .64529 .394 -2.7014 .6615 
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Based on observed means. 
 The error term is Mean Square(Error) = 6.557. 
*. The mean difference is significant at the .05 level. 
 
Homogeneous Subsets 
 
 
Enzyme 
Tukey HSDa,,b,,c 
 Subset Treatm
ent N 1 2 3 
.50 31 3.9461   
.10 32 4.9660 4.9660  
.05 33  5.9351  
.00 40   20.7210 
Sig.  .364 .410 1.000 
Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 
 The error term is Mean Square(Error) = 6.557. 
a. Uses Harmonic Mean Sample Size = 33.667. 
b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 
c. Alpha = .05. 
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11. AChE activity of P. australiensis during exposure to mixtures 
 
Mixture proportion (0:1, 1:3, 1:2, 1:1, 2:1, 3:1,1:0) are given as (10, 25, 33, 50, 67, 75, 100)   
Descriptive Statistics 
N Range Minimum Maximum Sum Mean 
Time Treatment Statistic Statistic Statistic Statistic Statistic Statistic Std. Error 
Enzyme 4 1.684 26.301 27.985 108.656 27.16400 .353236 .00 .00 
Valid N (listwise) 4       
Enzyme 4 2.060 25.622 27.682 105.152 26.28800 .478137 .00 
Valid N (listwise) 4       
Enzyme 4 1.090 3.850 4.940 18.120 4.53000 .247555 10.00 
Valid N (listwise) 4       
Enzyme 4 1.131 13.108 14.239 54.166 13.54150 .251687 25.00 
Valid N (listwise) 4       
Enzyme 4 1.289 11.526 12.815 49.676 12.41900 .300371 33.00 
Valid N (listwise) 4       
Enzyme 4 .837 12.220 13.057 50.925 12.73125 .195947 50.00 
Valid N (listwise) 4       
Enzyme 4 1.796 7.912 9.708 34.156 8.53900 .401648 67.00 
Valid N (listwise) 4       
Enzyme 4 1.736 7.198 8.934 30.993 7.74825 .404178 75.00 
Valid N (listwise) 4       
Enzyme 4 1.510 5.760 7.270 25.020 6.25500 .347910 
24.00 
100.00 
Valid N (listwise) 4       
Enzyme 4 2.687 24.068 26.755 101.610 25.40250 .556178 .00 
Valid N (listwise) 4       
Enzyme 4 .490 3.320 3.810 14.410 3.60250 .117216 10.00 
Valid N (listwise) 4       
Enzyme 4 .982 12.354 13.336 51.614 12.90350 .214404 25.00 
Valid N (listwise) 4       
Enzyme 4 1.057 11.187 12.244 46.989 11.74725 .227637 33.00 
Valid N (listwise) 4       
Enzyme 4 1.295 8.677 9.972 37.384 9.34600 .272235 50.00 
Valid N (listwise) 4       
Enzyme 4 1.867 5.002 6.869 24.079 6.01975 .389302 
48.00 
67.00 
Valid N (listwise) 4       
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Enzyme 4 1.634 4.206 5.840 19.726 4.93150 .343802 75.00 
Valid N (listwise) 4       
Enzyme 4 1.420 3.380 4.800 16.560 4.14000 .311448 100.00 
Valid N (listwise) 4       
Enzyme 4 2.302 24.679 26.981 104.879 26.21975 .522082 .00 
Valid N (listwise) 4       
Enzyme 4 .850 1.840 2.690 9.350 2.33750 .186207 10.00 
Valid N (listwise) 4       
Enzyme 4 1.796 7.912 9.708 34.156 8.53900 .401648 25.00 
Valid N (listwise) 4       
Enzyme 4 1.195 6.540 7.735 28.820 7.20500 .248295 33.00 
Valid N (listwise) 4       
Enzyme 4 1.497 3.107 4.604 15.732 3.93300 .320457 50.00 
Valid N (listwise) 4       
Enzyme 4 .665 3.247 3.912 14.267 3.56675 .158159 67.00 
Valid N (listwise) 4       
Enzyme 4 .800 3.100 3.900 14.400 3.60000 .177951 75.00 
Valid N (listwise) 4       
Enzyme 4 .940 2.760 3.700 13.020 3.25500 .237259 
72.00 
100.00 
Valid N (listwise) 4       
Enzyme 4 3.013 24.679 27.692 104.879 26.21975 .625356 .00 
Valid N (listwise) 4       
Enzyme 4 .910 2.010 2.920 9.920 2.48000 .228437 10.00 
Valid N (listwise) 4       
Enzyme 4 1.358 3.882 5.240 17.380 4.34500 .305263 25.00 
Valid N (listwise) 4       
Enzyme 4 .600 3.600 4.200 15.700 3.92500 .137689 33.00 
Valid N (listwise) 4       
Enzyme 4 .803 2.001 2.804 9.132 2.28300 .178725 50.00 
Valid N (listwise) 4       
Enzyme 4 .309 2.847 3.156 11.767 2.94175 .072927 67.00 
Valid N (listwise) 4       
Enzyme 4 .861 2.040 2.901 10.206 2.55150 .184959 75.00 
Valid N (listwise) 4       
Enzyme 4 .730 1.980 2.710 9.190 2.29750 .152882 
96.00 
100.00 
Valid N (listwise) 4       
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Descriptive Statistics 
Std. Deviation Variance Skewness Kurtosis 
Time Treatment Statistic Statistic Statistic Std. Error Statistic Std. Error 
.00 .00 Enzyme .706472 .499 -.160 1.014 .045 2.619 
.00 Enzyme .956273 .914 1.690 1.014 2.783 2.619 
10.00 Enzyme .495109 .245 -1.169 1.014 .510 2.619 
25.00 Enzyme .503374 .253 1.218 1.014 .997 2.619 
33.00 Enzyme .600741 .361 -1.893 1.014 3.647 2.619 
50.00 Enzyme .391895 .154 -.845 1.014 -1.270 2.619 
67.00 Enzyme .803296 .645 1.656 1.014 2.880 2.619 
75.00 Enzyme .808357 .653 1.753 1.014 3.052 2.619 
24.00 
100.00 Enzyme .695821 .484 1.695 1.014 2.831 2.619 
.00 Enzyme 1.112356 1.237 .046 1.014 .702 2.619 
10.00 Enzyme .234432 .055 -.471 1.014 -3.208 2.619 
25.00 Enzyme .428808 .184 -.633 1.014 -.793 2.619 
33.00 Enzyme .455275 .207 -.336 1.014 -.968 2.619 
50.00 Enzyme .544471 .296 -.210 1.014 -.027 2.619 
67.00 Enzyme .778603 .606 -.605 1.014 .979 2.619 
75.00 Enzyme .687603 .473 .723 1.014 .848 2.619 
48.00 
100.00 Enzyme .622896 .388 -.357 1.014 -1.628 2.619 
.00 Enzyme 1.044164 1.090 -1.805 1.014 3.409 2.619 
10.00 Enzyme .372413 .139 -.919 1.014 .085 2.619 
25.00 Enzyme .803296 .645 1.656 1.014 2.880 2.619 
33.00 Enzyme .496589 .247 -.779 1.014 1.560 2.619 
50.00 Enzyme .640913 .411 -.608 1.014 -.159 2.619 
67.00 Enzyme .316318 .100 .115 1.014 -4.240 2.619 
75.00 Enzyme .355903 .127 -1.331 1.014 1.500 2.619 
72.00 
100.00 Enzyme .474517 .225 -.099 1.014 -5.160 2.619 
.00 Enzyme 1.250711 1.564 -.154 1.014 .593 2.619 
10.00 Enzyme .456873 .209 -.064 1.014 -5.170 2.619 
25.00 Enzyme .610527 .373 1.732 1.014 3.166 2.619 
33.00 Enzyme .275379 .076 -.323 1.014 -3.033 2.619 
50.00 Enzyme .357449 .128 1.667 1.014 2.987 2.619 
67.00 Enzyme .145855 .021 1.769 1.014 3.097 2.619 
96.00 
75.00 Enzyme .369918 .137 -1.143 1.014 1.469 2.619 
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Descriptive Statistics 
Std. Deviation Variance Skewness Kurtosis 
Time Treatment Statistic Statistic Statistic Std. Error Statistic Std. Error 
.00 .00 Enzyme .706472 .499 -.160 1.014 .045 2.619 
.00 Enzyme .956273 .914 1.690 1.014 2.783 2.619 
10.00 Enzyme .495109 .245 -1.169 1.014 .510 2.619 
25.00 Enzyme .503374 .253 1.218 1.014 .997 2.619 
33.00 Enzyme .600741 .361 -1.893 1.014 3.647 2.619 
50.00 Enzyme .391895 .154 -.845 1.014 -1.270 2.619 
67.00 Enzyme .803296 .645 1.656 1.014 2.880 2.619 
75.00 Enzyme .808357 .653 1.753 1.014 3.052 2.619 
24.00 
100.00 Enzyme .695821 .484 1.695 1.014 2.831 2.619 
.00 Enzyme 1.112356 1.237 .046 1.014 .702 2.619 
10.00 Enzyme .234432 .055 -.471 1.014 -3.208 2.619 
25.00 Enzyme .428808 .184 -.633 1.014 -.793 2.619 
33.00 Enzyme .455275 .207 -.336 1.014 -.968 2.619 
50.00 Enzyme .544471 .296 -.210 1.014 -.027 2.619 
67.00 Enzyme .778603 .606 -.605 1.014 .979 2.619 
75.00 Enzyme .687603 .473 .723 1.014 .848 2.619 
48.00 
100.00 Enzyme .622896 .388 -.357 1.014 -1.628 2.619 
.00 Enzyme 1.044164 1.090 -1.805 1.014 3.409 2.619 
10.00 Enzyme .372413 .139 -.919 1.014 .085 2.619 
25.00 Enzyme .803296 .645 1.656 1.014 2.880 2.619 
33.00 Enzyme .496589 .247 -.779 1.014 1.560 2.619 
50.00 Enzyme .640913 .411 -.608 1.014 -.159 2.619 
67.00 Enzyme .316318 .100 .115 1.014 -4.240 2.619 
75.00 Enzyme .355903 .127 -1.331 1.014 1.500 2.619 
72.00 
100.00 Enzyme .474517 .225 -.099 1.014 -5.160 2.619 
.00 Enzyme 1.250711 1.564 -.154 1.014 .593 2.619 
10.00 Enzyme .456873 .209 -.064 1.014 -5.170 2.619 
25.00 Enzyme .610527 .373 1.732 1.014 3.166 2.619 
33.00 Enzyme .275379 .076 -.323 1.014 -3.033 2.619 
50.00 Enzyme .357449 .128 1.667 1.014 2.987 2.619 
67.00 Enzyme .145855 .021 1.769 1.014 3.097 2.619 
75.00 Enzyme .369918 .137 -1.143 1.014 1.469 2.619 
100.00 Enzyme .305764 .093 .869 1.014 1.451 2.619 
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Treatment Time Mean Std. Deviation 
.00 27.16400 .706472 
24.00 26.28800 .956273 
48.00 25.40250 1.112356 
72.00 26.21975 1.044164 
96.00 26.21975 1.250711 
.00 
Total 26.25880 1.079535 
24.00 4.53000 .495109 
48.00 3.60250 .234432 
72.00 2.33750 .372413 
96.00 2.48000 .456873 
10.00 
Total 3.23750 .989710 
24.00 13.54150 .503374 
48.00 12.90350 .428808 
72.00 8.53900 .803296 
96.00 4.34500 .610527 
25.00 
Total 9.83225 3.866609 
24.00 12.41900 .600741 
48.00 11.74725 .455275 
72.00 7.20500 .496589 
96.00 3.92500 .275379 
33.00 
Total 8.82406 3.605874 
24.00 12.73125 .391895 
48.00 9.34600 .544471 
72.00 3.93300 .640913 
96.00 2.28300 .357449 
50.00 
Total 7.07331 4.342885 
24.00 8.53900 .803296 
48.00 6.01975 .778603 
72.00 3.56675 .316318 
96.00 2.94175 .145855 
67.00 
Total 5.26681 2.343779 
75.00 24.00 7.74825 .808357 
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48.00 4.93150 .687603 
72.00 3.60000 .355903 
96.00 2.55150 .369918 
Total 4.70781 2.079329 
24.00 6.25500 .695821 
48.00 4.14000 .622896 
72.00 3.25500 .474517 
96.00 2.29750 .305764 
100.00 
Total 3.98688 1.587500 
.00 27.16400 .706472 
24.00 11.50650 6.494958 
48.00 9.76163 6.891586 
72.00 7.33200 7.549260 
96.00 5.88044 7.860718 
Total 
Total 9.18208 8.007236 
 
 
 
Levene's Test of Equality of Error Variancesa 
Dependent Variable:Enzyme 
F df1 df2 Sig. 
1.189 32 99 .256 
Tests the null hypothesis that the error variance 
of the dependent variable is equal across groups. 
a. Design: Intercept + Treatment + Time + 
Treatment * Time 
 
 
 
 
 
 
 
 
 
 
 150 
Tests of Between-Subjects Effects 
Dependent Variable:Enzyme 
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Hypothesis 8486.131 1 8486.131 65.053 .001 Intercept 
Error 538.271 4.126 130.450a   
Hypothesis 6145.357 7 877.908 66.151 .000 Treatment 
Error 278.698 21 13.271b   
Hypothesis 605.676 4 151.419 11.409 .000 Time 
Error 278.698 21 13.271b   
Hypothesis 278.698 21 13.271 33.076 .000 Treatment * Time 
Error 39.723 99 .401c   
a. .848 MS(Time) + .152 MS(Treatment * Time) 
b.  MS(Treatment * Time) 
c.  MS(Error) 
 
 
 
Expected Mean Squaresa,b 
Variance Component 
Source Var(Time) 
Var(Treatment * 
Time) Var(Error) Quadratic Term 
Intercept 21.205 4.000 1.000 Intercept, 
Treatment 
Treatment .000 4.000 1.000 Treatment 
Time 25.000 4.000 1.000  
Treatment * Time .000 4.000 1.000  
Error .000 .000 1.000  
a. For each source, the expected mean square equals the sum of the coefficients in 
the cells times the variance components, plus a quadratic term involving effects in 
the Quadratic Term cell. 
b. Expected Mean Squares are based on the Type III Sums of Squares. 
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Estimated Marginal Means 
 
1. Grand Mean 
Dependent Variable:Enzyme 
 95% Confidence Interval 
Mean Std. Error Lower Bound Upper Bound 
9.182a .055 9.073 9.291 
a. Based on modified population marginal mean. 
 
2. Treatment 
Dependent Variable:Enzyme 
 95% Confidence Interval Treatmen
t Mean Std. Error Lower Bound Upper Bound 
.00 26.259 .142 25.978 26.540 
10.00 3.237a .158 2.923 3.552 
25.00 9.832a .158 9.518 10.146 
33.00 8.824a .158 8.510 9.138 
50.00 7.073a .158 6.759 7.388 
67.00 5.267a .158 4.953 5.581 
75.00 4.708a .158 4.394 5.022 
100.00 3.987a .158 3.673 4.301 
a. Based on modified population marginal mean. 
 
 
3. Time 
Dependent Variable:Enzyme 
 95% Confidence Interval 
Time Mean Std. Error Lower Bound Upper Bound 
.00 27.164a .317 26.536 27.792 
24.00 11.507 .112 11.284 11.729 
48.00 9.762 .112 9.539 9.984 
72.00 7.332 .112 7.110 7.554 
96.00 5.880 .112 5.658 6.103 
a. Based on modified population marginal mean. 
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4. Treatment * Time 
Dependent Variable:Enzyme 
 95% Confidence Interval Treatmen
t Time Mean Std. Error Lower Bound Upper Bound 
.00 27.164 .317 26.536 27.792 
24.00 26.288 .317 25.660 26.916 
48.00 25.402 .317 24.774 26.031 
72.00 26.220 .317 25.591 26.848 
.00 
96.00 26.220 .317 25.591 26.848 
.00 .a . . . 
24.00 4.530 .317 3.902 5.158 
48.00 3.602 .317 2.974 4.231 
72.00 2.338 .317 1.709 2.966 
10.00 
96.00 2.480 .317 1.852 3.108 
.00 .a . . . 
24.00 13.541 .317 12.913 14.170 
48.00 12.903 .317 12.275 13.532 
72.00 8.539 .317 7.911 9.167 
25.00 
96.00 4.345 .317 3.717 4.973 
.00 .a . . . 
24.00 12.419 .317 11.791 13.047 
48.00 11.747 .317 11.119 12.376 
72.00 7.205 .317 6.577 7.833 
33.00 
96.00 3.925 .317 3.297 4.553 
.00 .a . . . 
24.00 12.731 .317 12.103 13.360 
48.00 9.346 .317 8.718 9.974 
72.00 3.933 .317 3.305 4.561 
50.00 
96.00 2.283 .317 1.655 2.911 
.00 .a . . . 
24.00 8.539 .317 7.911 9.167 
48.00 6.020 .317 5.391 6.648 
72.00 3.567 .317 2.938 4.195 
67.00 
96.00 2.942 .317 2.313 3.570 
.00 .a . . . 75.00 
24.00 7.748 .317 7.120 8.377 
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48.00 4.931 .317 4.303 5.560 
72.00 3.600 .317 2.972 4.228 
96.00 2.552 .317 1.923 3.180 
.00 .a . . . 
24.00 6.255 .317 5.627 6.883 
48.00 4.140 .317 3.512 4.768 
72.00 3.255 .317 2.627 3.883 
100.00 
96.00 2.298 .317 1.669 2.926 
a. This level combination of factors is not observed, thus the corresponding 
population marginal mean is not estimable. 
 
 
 
Post Hoc Tests 
 
 
Treatment 
 
 
Multiple Comparisons 
Dependent Variable:Enzyme 
 
 95% Confidence Interval 
 
(I) 
Treatmen
t 
(J) 
Treatmen
t 
Mean Difference 
(I-J) Std. Error Sig. Lower Bound Upper Bound 
10.00 23.02130* .212460 .000 22.36337 23.67923 
25.00 16.42655* .212460 .000 15.76862 17.08448 
33.00 17.43474* .212460 .000 16.77680 18.09267 
50.00 19.18549* .212460 .000 18.52755 19.84342 
67.00 20.99199* .212460 .000 20.33405 21.64992 
75.00 21.55099* .212460 .000 20.89305 22.20892 
.00 
100.00 22.27193* .212460 .000 21.61399 22.92986 
.00 -23.02130* .212460 .000 -23.67923 -22.36337 
25.00 -6.59475* .223952 .000 -7.28827 -5.90123 
33.00 -5.58656* .223952 .000 -6.28009 -4.89304 
50.00 -3.83581* .223952 .000 -4.52934 -3.14229 
67.00 -2.02931* .223952 .000 -2.72284 -1.33579 
Tukey HSD 
10.00 
75.00 -1.47031* .223952 .000 -2.16384 -.77679 
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100.00 -.74938* .223952 .025 -1.44290 -.05585 
.00 -16.42655* .212460 .000 -17.08448 -15.76862 
10.00 6.59475* .223952 .000 5.90123 7.28827 
33.00 1.00819* .223952 .000 .31466 1.70171 
50.00 2.75894* .223952 .000 2.06541 3.45246 
67.00 4.56544* .223952 .000 3.87191 5.25896 
75.00 5.12444* .223952 .000 4.43091 5.81796 
25.00 
100.00 5.84538* .223952 .000 5.15185 6.53890 
.00 -17.43474* .212460 .000 -18.09267 -16.77680 
10.00 5.58656* .223952 .000 4.89304 6.28009 
25.00 -1.00819* .223952 .000 -1.70171 -.31466 
50.00 1.75075* .223952 .000 1.05723 2.44427 
67.00 3.55725* .223952 .000 2.86373 4.25077 
75.00 4.11625* .223952 .000 3.42273 4.80977 
33.00 
100.00 4.83719* .223952 .000 4.14366 5.53071 
.00 -19.18549* .212460 .000 -19.84342 -18.52755 
10.00 3.83581* .223952 .000 3.14229 4.52934 
25.00 -2.75894* .223952 .000 -3.45246 -2.06541 
33.00 -1.75075* .223952 .000 -2.44427 -1.05723 
67.00 1.80650* .223952 .000 1.11298 2.50002 
75.00 2.36550* .223952 .000 1.67198 3.05902 
50.00 
100.00 3.08644* .223952 .000 2.39291 3.77996 
.00 -20.99199* .212460 .000 -21.64992 -20.33405 
10.00 2.02931* .223952 .000 1.33579 2.72284 
25.00 -4.56544* .223952 .000 -5.25896 -3.87191 
33.00 -3.55725* .223952 .000 -4.25077 -2.86373 
50.00 -1.80650* .223952 .000 -2.50002 -1.11298 
75.00 .55900 .223952 .209 -.13452 1.25252 
67.00 
100.00 1.27994* .223952 .000 .58641 1.97346 
.00 -21.55099* .212460 .000 -22.20892 -20.89305 
10.00 1.47031* .223952 .000 .77679 2.16384 
25.00 -5.12444* .223952 .000 -5.81796 -4.43091 
33.00 -4.11625* .223952 .000 -4.80977 -3.42273 
75.00 
50.00 -2.36550* .223952 .000 -3.05902 -1.67198 
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67.00 -.55900 .223952 .209 -1.25252 .13452 
100.00 .72094* .223952 .036 .02741 1.41446 
.00 -22.27193* .212460 .000 -22.92986 -21.61399 
10.00 .74938* .223952 .025 .05585 1.44290 
25.00 -5.84538* .223952 .000 -6.53890 -5.15185 
33.00 -4.83719* .223952 .000 -5.53071 -4.14366 
50.00 -3.08644* .223952 .000 -3.77996 -2.39291 
67.00 -1.27994* .223952 .000 -1.97346 -.58641 
100.00 
75.00 -.72094* .223952 .036 -1.41446 -.02741 
10.00 23.02130* .212460 .000 22.59973 23.44287 
25.00 16.42655* .212460 .000 16.00498 16.84812 
33.00 17.43474* .212460 .000 17.01317 17.85630 
50.00 19.18549* .212460 .000 18.76392 19.60705 
67.00 20.99199* .212460 .000 20.57042 21.41355 
75.00 21.55099* .212460 .000 21.12942 21.97255 
.00 
100.00 22.27193* .212460 .000 21.85036 22.69349 
.00 -23.02130* .212460 .000 -23.44287 -22.59973 
25.00 -6.59475* .223952 .000 -7.03912 -6.15038 
33.00 -5.58656* .223952 .000 -6.03093 -5.14219 
50.00 -3.83581* .223952 .000 -4.28018 -3.39144 
67.00 -2.02931* .223952 .000 -2.47368 -1.58494 
75.00 -1.47031* .223952 .000 -1.91468 -1.02594 
10.00 
100.00 -.74938* .223952 .001 -1.19375 -.30500 
.00 -16.42655* .212460 .000 -16.84812 -16.00498 
10.00 6.59475* .223952 .000 6.15038 7.03912 
33.00 1.00819* .223952 .000 .56382 1.45256 
50.00 2.75894* .223952 .000 2.31457 3.20331 
67.00 4.56544* .223952 .000 4.12107 5.00981 
75.00 5.12444* .223952 .000 4.68007 5.56881 
25.00 
100.00 5.84538* .223952 .000 5.40100 6.28975 
.00 -17.43474* .212460 .000 -17.85630 -17.01317 
10.00 5.58656* .223952 .000 5.14219 6.03093 
25.00 -1.00819* .223952 .000 -1.45256 -.56382 
50.00 1.75075* .223952 .000 1.30638 2.19512 
LSD 
33.00 
67.00 3.55725* .223952 .000 3.11288 4.00162 
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75.00 4.11625* .223952 .000 3.67188 4.56062 
100.00 4.83719* .223952 .000 4.39282 5.28156 
.00 -19.18549* .212460 .000 -19.60705 -18.76392 
10.00 3.83581* .223952 .000 3.39144 4.28018 
25.00 -2.75894* .223952 .000 -3.20331 -2.31457 
33.00 -1.75075* .223952 .000 -2.19512 -1.30638 
67.00 1.80650* .223952 .000 1.36213 2.25087 
75.00 2.36550* .223952 .000 1.92113 2.80987 
50.00 
100.00 3.08644* .223952 .000 2.64207 3.53081 
.00 -20.99199* .212460 .000 -21.41355 -20.57042 
10.00 2.02931* .223952 .000 1.58494 2.47368 
25.00 -4.56544* .223952 .000 -5.00981 -4.12107 
33.00 -3.55725* .223952 .000 -4.00162 -3.11288 
50.00 -1.80650* .223952 .000 -2.25087 -1.36213 
75.00 .55900* .223952 .014 .11463 1.00337 
67.00 
100.00 1.27994* .223952 .000 .83557 1.72431 
.00 -21.55099* .212460 .000 -21.97255 -21.12942 
10.00 1.47031* .223952 .000 1.02594 1.91468 
25.00 -5.12444* .223952 .000 -5.56881 -4.68007 
33.00 -4.11625* .223952 .000 -4.56062 -3.67188 
50.00 -2.36550* .223952 .000 -2.80987 -1.92113 
67.00 -.55900* .223952 .014 -1.00337 -.11463 
75.00 
100.00 .72094* .223952 .002 .27657 1.16531 
.00 -22.27193* .212460 .000 -22.69349 -21.85036 
10.00 .74938* .223952 .001 .30500 1.19375 
25.00 -5.84538* .223952 .000 -6.28975 -5.40100 
33.00 -4.83719* .223952 .000 -5.28156 -4.39282 
50.00 -3.08644* .223952 .000 -3.53081 -2.64207 
67.00 -1.27994* .223952 .000 -1.72431 -.83557 
100.00 
75.00 -.72094* .223952 .002 -1.16531 -.27657 
Based on observed means. 
 The error term is Mean Square(Error) = .401. 
*. The mean difference is significant at the .05 level. 
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Homogeneous Subsets 
 
 
Enzyme 
 
 Subset 
 
Treatmen
t N 1 2 3 4 
10.00 16 3.23750    
100.00 16  3.98688   
75.00 16   4.70781  
67.00 16    5.26681 
50.00 16     
33.00 16     
25.00 16     
.00 20     
Student-Newman-Keulsa,,b,,c 
Sig.  1.000 1.000 1.000 1.000 
10.00 16 3.23750    
100.00 16  3.98688   
75.00 16   4.70781  
67.00 16   5.26681  
50.00 16    7.07331 
33.00 16     
25.00 16     
.00 20     
Tukey HSDa,,b,,c 
Sig.  1.000 1.000 .196 1.000 
Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 
 The error term is Mean Square(Error) = .401. 
a. Uses Harmonic Mean Sample Size = 16.410. 
b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels are 
not guaranteed. 
c. Alpha = .05. 
 
 
 
 
 
 
 
 
 
 
 158 
Enzyme 
 Subset 
 
Treatme
nt 5 6 7 8 
50.00 7.07331    
33.00  8.82406   
25.00   9.83225  
.00    26.25880 
Student-Newman-Keulsa,,b,,c 
Sig. 1.000 1.000 1.000 1.000 
33.00 8.82406    
25.00  9.83225   
.00   26.25880  
Tukey HSDa,,b,,c 
Sig. 1.000 1.000 1.000  
Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 
 The error term is Mean Square(Error) = .401. 
a. Uses Harmonic Mean Sample Size = 16.410. 
b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error 
levels are not guaranteed. 
c. Alpha = .05. 
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2. The EC50 values for AChE activity were calculated from the mean enzyme 
activity of D. carinata on exposure to chlorpyrifos 
          
All EC50 values calculated here for both species and both pesticides were multiplied by the 
corresponding LC50 value in order to convert the concentrations expressed in these calculations as a 
proportion of LC50 into µg/L. 
        
       EC50  value 24 h exposure 
 
 
Confidence Limits 
 95% Confidence Limits for Concentration 95% Confidence Limits for log(Concentration)a 
 
Probabil
ity Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound 
.010 2.576 1.299 7.977 .411 .114 .902 
.020 1.341 .766 3.350 .127 -.116 .525 
.030 .886 .547 1.935 -.053 -.262 .287 
.040 .649 .424 1.283 -.188 -.372 .108 
.050 .504 .344 .920 -.298 -.463 -.036 
.060 .406 .288 .694 -.392 -.541 -.159 
.070 .336 .246 .543 -.474 -.610 -.265 
.080 .284 .213 .436 -.547 -.672 -.360 
.090 .243 .186 .359 -.614 -.730 -.445 
.100 .211 .165 .300 -.676 -.784 -.523 
.150 .117 .095 .149 -.931 -1.024 -.828 
.200 .074 .057 .091 -1.133 -1.244 -1.040 
.250 .049 .035 .063 -1.307 -1.454 -1.202 
.300 .034 .022 .046 -1.463 -1.652 -1.338 
.350 .025 .014 .035 -1.608 -1.839 -1.460 
.400 .018 .010 .027 -1.745 -2.019 -1.573 
.450 .013 .006 .021 -1.878 -2.194 -1.682 
.500 .010 .004 .016 -2.009 -2.366 -1.789 
.550 .007 .003 .013 -2.139 -2.539 -1.895 
.600 .005 .002 .010 -2.272 -2.716 -2.003 
.650 .004 .001 .008 -2.409 -2.898 -2.113 
.700 .003 .001 .006 -2.554 -3.091 -2.230 
.750 .002 .001 .004 -2.710 -3.299 -2.355 
PROBIT 
.800 .001 .000 .003 -2.884 -3.531 -2.495 
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.850 .001 .000 .002 -3.087 -3.801 -2.657 
.900 .000 .000 .001 -3.342 -4.142 -2.862 
.910 .000 .000 .001 -3.403 -4.224 -2.911 
.920 .000 .000 .001 -3.470 -4.314 -2.965 
.930 .000 .000 .001 -3.544 -4.412 -3.024 
.940 .000 .000 .001 -3.626 -4.522 -3.089 
.950 .000 .000 .001 -3.719 -4.647 -3.164 
.960 .000 .000 .001 -3.830 -4.794 -3.252 
.970 .000 .000 .000 -3.965 -4.975 -3.361 
.980 .000 .000 .000 -4.145 -5.216 -3.504 
.990 .000 .000 .000 -4.428 -5.595 -3.731 
a. Logarithm base = 10. 
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EC50 value for 48 h exposure 
 
Confidence Limits 
 95% Confidence Limits for Concentration 95% Confidence Limits for log(Concentration)a 
 
Probabil
ity Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound 
.010 3.550 1.348 26.223 .550 .130 1.419 
.020 1.500 .706 6.959 .176 -.151 .843 
.030 .869 .467 3.012 -.061 -.331 .479 
.040 .576 .340 1.611 -.240 -.468 .207 
.050 .412 .262 .973 -.385 -.582 -.012 
.060 .310 .208 .637 -.508 -.681 -.196 
.070 .242 .169 .442 -.617 -.771 -.354 
.080 .193 .140 .322 -.714 -.855 -.492 
.090 .158 .116 .244 -.802 -.936 -.613 
.100 .131 .096 .191 -.883 -1.017 -.719 
.150 .060 .038 .083 -1.220 -1.423 -1.083 
.200 .033 .016 .049 -1.487 -1.807 -1.312 
.250 .019 .007 .032 -1.716 -2.151 -1.493 
.300 .012 .003 .022 -1.922 -2.464 -1.652 
.350 .008 .002 .016 -2.113 -2.756 -1.796 
.400 .005 .001 .012 -2.294 -3.035 -1.933 
.450 .003 .000 .009 -2.469 -3.305 -2.064 
.500 .002 .000 .006 -2.642 -3.571 -2.193 
.550 .002 .000 .005 -2.814 -3.837 -2.321 
.600 .001 .000 .004 -2.989 -4.108 -2.452 
.650 .001 .000 .003 -3.170 -4.388 -2.586 
.700 .000 .000 .002 -3.361 -4.684 -2.728 
.750 .000 .000 .001 -3.567 -5.003 -2.881 
.800 .000 .000 .001 -3.796 -5.359 -3.050 
.850 .000 .000 .001 -4.064 -5.773 -3.248 
.900 .000 .000 .000 -4.400 -6.295 -3.497 
.910 .000 .000 .000 -4.481 -6.421 -3.557 
.920 .000 .000 .000 -4.570 -6.558 -3.622 
.930 .000 .000 .000 -4.667 -6.708 -3.694 
PROBIT 
.940 .000 .000 .000 -4.775 -6.876 -3.774 
.950 .000 .000 .000 -4.899 -7.068 -3.865 
.960 .000 .000 .000 -5.044 -7.294 -3.973 
.970 .000 .000 .000 -5.222 -7.571 -4.105 
.980 .000 .000 .000 -5.460 -7.939 -4.280 
.990 .000 .000 .000 -5.834 -8.520 -4.556 
a. Logarithm base = 10. 
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13. The EC50 values for AChE activity were calculated from the mean enzyme 
activity of D. carinata on exposure to fenitrothion 
          
 
 
EC50 value for D. carinata on exposure to fenitrothion at 24 h exposure 
 
Confidence Limits 
 95% Confidence Limits for Concentration 95% Confidence Limits for log(Concentration)a 
 
Probabil
ity Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound 
.010 799.934 55.747 627892.796 2.903 1.746 5.798 
.020 192.131 20.489 51417.127 2.284 1.312 4.711 
.030 77.727 10.847 10519.445 1.891 1.035 4.022 
.040 39.347 6.717 3190.924 1.595 .827 3.504 
.050 22.616 4.546 1209.995 1.354 .658 3.083 
.060 14.116 3.259 530.399 1.150 .513 2.725 
.070 9.338 2.432 257.524 .970 .386 2.411 
.080 6.450 1.870 134.940 .810 .272 2.130 
.090 4.607 1.472 75.019 .663 .168 1.875 
.100 3.379 1.180 43.731 .529 .072 1.641 
.150 .937 .466 4.748 -.028 -.332 .676 
.200 .338 .212 .852 -.471 -.673 -.069 
.250 .141 .092 .229 -.851 -1.035 -.641 
.300 .064 .031 .098 -1.192 -1.503 -1.011 
.350 .031 .010 .053 -1.508 -2.018 -1.272 
.400 .016 .003 .032 -1.808 -2.528 -1.498 
.450 .008 .001 .020 -2.098 -3.029 -1.710 
.500 .004 .000 .012 -2.383 -3.525 -1.915 
.550 .002 .000 .008 -2.669 -4.023 -2.118 
.600 .001 .000 .005 -2.959 -4.530 -2.324 
.650 .001 .000 .003 -3.259 -5.055 -2.536 
.700 .000 .000 .002 -3.575 -5.609 -2.758 
.750 .000 .000 .001 -3.916 -6.207 -2.998 
.800 .000 .000 .001 -4.296 -6.873 -3.265 
.850 .000 .000 .000 -4.739 -7.650 -3.575 
PROBIT 
.900 .000 .000 .000 -5.296 -8.627 -3.966 
 164 
.910 .000 .000 .000 -5.430 -8.863 -4.060 
.920 .000 .000 .000 -5.576 -9.120 -4.162 
.930 .000 .000 .000 -5.737 -9.402 -4.275 
.940 .000 .000 .000 -5.916 -9.717 -4.401 
.950 .000 .000 .000 -6.121 -10.077 -4.544 
.960 .000 .000 .000 -6.362 -10.499 -4.712 
.970 .000 .000 .000 -6.657 -11.018 -4.919 
.980 .000 .000 .000 -7.050 -11.709 -5.194 
.990 .000 .000 .000 -7.670 -12.797 -5.628 
a. Logarithm base = 10. 
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  EC50 value at 48 h exposure 
 
Confidence Limits 
 95% Confidence Limits for Concentration 95% Confidence Limits for log(Concentration)a 
 
Probabil
ity Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound 
.010 95.522 14.959 5564.533 1.980 1.175 3.745 
.020 29.392 6.322 844.455 1.468 .801 2.927 
.030 13.914 3.656 255.619 1.143 .563 2.408 
.040 7.928 2.419 104.142 .899 .384 2.018 
.050 5.017 1.727 50.214 .700 .237 1.701 
.060 3.398 1.295 27.014 .531 .112 1.432 
.070 2.415 1.005 15.701 .383 .002 1.196 
.080 1.779 .801 9.669 .250 -.097 .985 
.090 1.347 .650 6.229 .129 -.187 .794 
.100 1.043 .536 4.160 .018 -.271 .619 
.150 .361 .235 .804 -.442 -.630 -.095 
.200 .156 .110 .241 -.808 -.959 -.617 
.250 .076 .046 .107 -1.122 -1.339 -.970 
.300 .039 .018 .061 -1.403 -1.748 -1.217 
.350 .022 .007 .038 -1.665 -2.150 -1.424 
.400 .012 .003 .024 -1.912 -2.538 -1.613 
.450 .007 .001 .016 -2.152 -2.917 -1.792 
.500 .004 .001 .011 -2.388 -3.292 -1.968 
.550 .002 .000 .007 -2.624 -3.668 -2.142 
.600 .001 .000 .005 -2.864 -4.050 -2.318 
.650 .001 .000 .003 -3.112 -4.446 -2.500 
.700 .000 .000 .002 -3.373 -4.864 -2.691 
.750 .000 .000 .001 -3.655 -5.314 -2.897 
.800 .000 .000 .001 -3.969 -5.817 -3.126 
.850 .000 .000 .000 -4.334 -6.402 -3.393 
.900 .000 .000 .000 -4.795 -7.140 -3.728 
.910 .000 .000 .000 -4.906 -7.318 -3.809 
.920 .000 .000 .000 -5.027 -7.511 -3.897 
PROBIT 
.930 .000 .000 .000 -5.159 -7.724 -3.994 
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.940 .000 .000 .000 -5.308 -7.962 -4.102 
.950 .000 .000 .000 -5.477 -8.233 -4.225 
.960 .000 .000 .000 -5.676 -8.551 -4.370 
.970 .000 .000 .000 -5.920 -8.943 -4.548 
.980 .000 .000 .000 -6.245 -9.463 -4.784 
.990 .000 .000 .000 -6.756 -10.284 -5.156 
a. Logarithm base = 10. 
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14. The EC50 values for AChE activity were calculated from the mean 
enzyme activity of P. australiensis on exposure to chlorpyrifos 
          
        
           EC50 value for 24 h exposure 
 
 
 
Confidence Limits 
 95% Confidence Limits for Concentration 95% Confidence Limits for log(Concentration)b 
 
Probabil
ity Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound 
.010 92.636 22.575 1222.188 1.967 1.354 3.087 
.020 55.993 15.277 599.073 1.748 1.184 2.777 
.030 40.682 11.923 381.147 1.609 1.076 2.581 
.040 31.992 9.893 271.274 1.505 .995 2.433 
.050 26.312 8.499 205.739 1.420 .929 2.313 
.060 22.279 7.468 162.603 1.348 .873 2.211 
.070 19.255 6.667 132.298 1.285 .824 2.122 
.080 16.898 6.022 109.994 1.228 .780 2.041 
.090 15.005 5.490 92.997 1.176 .740 1.968 
.100 13.451 5.042 79.685 1.129 .703 1.901 
.150 8.554 3.542 42.054 .932 .549 1.624 
.200 5.969 2.673 25.323 .776 .427 1.404 
.250 4.384 2.099 16.398 .642 .322 1.215 
.300 3.322 1.688 11.108 .521 .227 1.046 
.350 2.570 1.378 7.748 .410 .139 .889 
.400 2.014 1.136 5.509 .304 .055 .741 
.450 1.591 .941 3.965 .202 -.026 .598 
.500 1.261 .781 2.873 .101 -.107 .458 
.550 1.000 .647 2.085 .000 -.189 .319 
.600 .790 .533 1.509 -.102 -.273 .179 
.650 .619 .435 1.085 -.208 -.362 .035 
.700 .479 .348 .771 -.320 -.458 -.113 
.750 .363 .271 .539 -.440 -.566 -.268 
.800 .267 .201 .370 -.574 -.696 -.432 
PROBITa 
.850 .186 .137 .247 -.730 -.864 -.607 
 168 
.900 .118 .079 .159 -.927 -1.102 -.800 
.910 .106 .069 .143 -.975 -1.163 -.843 
.920 .094 .059 .129 -1.026 -1.230 -.889 
.930 .083 .050 .115 -1.083 -1.305 -.939 
.940 .071 .041 .102 -1.146 -1.390 -.993 
.950 .060 .033 .088 -1.218 -1.487 -1.054 
.960 .050 .025 .075 -1.303 -1.603 -1.124 
.970 .039 .018 .062 -1.408 -1.747 -1.209 
.980 .028 .012 .048 -1.546 -1.939 -1.321 
.990 .017 .006 .032 -1.765 -2.244 -1.495 
a. A heterogeneity factor is used. 
b. Logarithm base = 10. 
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EC50 value at 48 h exposure 
 
 
Confidence Limits 
 95% Confidence Limits for Concentration 95% Confidence Limits for log(Concentration)b 
 
Probabil
ity Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound 
.010 64.380 18.170 548.892 1.809 1.259 2.739 
.020 36.062 11.449 251.144 1.557 1.059 2.400 
.030 24.966 8.539 152.964 1.397 .931 2.185 
.040 18.933 6.847 105.359 1.277 .836 2.023 
.050 15.118 5.721 77.807 1.180 .757 1.891 
.060 12.483 4.909 60.118 1.096 .691 1.779 
.070 10.554 4.292 47.954 1.023 .633 1.681 
.080 9.080 3.805 39.170 .958 .580 1.593 
.090 7.920 3.411 32.588 .899 .533 1.513 
.100 6.983 3.084 27.514 .844 .489 1.440 
.150 4.147 2.029 13.663 .618 .307 1.136 
.200 2.741 1.454 7.843 .438 .162 .894 
.250 1.921 1.090 4.877 .284 .038 .688 
.300 1.396 .841 3.188 .145 -.075 .504 
.350 1.039 .660 2.154 .017 -.180 .333 
.400 .785 .523 1.488 -.105 -.281 .172 
.450 .598 .417 1.043 -.223 -.380 .018 
.500 .458 .332 .738 -.339 -.479 -.132 
.550 .351 .263 .526 -.455 -.581 -.279 
.600 .267 .205 .376 -.573 -.688 -.424 
.650 .202 .156 .270 -.695 -.806 -.568 
.700 .150 .115 .195 -.823 -.940 -.709 
.750 .109 .080 .141 -.962 -1.097 -.850 
.800 .076 .052 .101 -1.116 -1.284 -.994 
.850 .051 .031 .070 -1.296 -1.512 -1.152 
.900 .030 .016 .045 -1.523 -1.807 -1.343 
.910 .026 .013 .041 -1.577 -1.879 -1.388 
.920 .023 .011 .037 -1.637 -1.958 -1.437 
PROBITa 
.930 .020 .009 .032 -1.702 -2.044 -1.491 
 170 
.940 .017 .007 .028 -1.775 -2.141 -1.550 
.950 .014 .006 .024 -1.858 -2.252 -1.618 
.960 .011 .004 .020 -1.956 -2.382 -1.697 
.970 .008 .003 .016 -2.076 -2.543 -1.794 
.980 .006 .002 .012 -2.236 -2.757 -1.923 
.990 .003 .001 .007 -2.487 -3.095 -2.125 
a. A heterogeneity factor is used. 
b. Logarithm base = 10. 
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EC50 value at 72 h exposure 
 
Confidence Limits 
 95% Confidence Limits for Concentration 95% Confidence Limits for log(Concentration)b 
 
Probabil
ity Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound 
.010 214.427 16.935 527503.697 2.331 1.229 5.722 
.020 85.004 9.145 79443.043 1.929 .961 4.900 
.030 47.259 6.181 23918.039 1.674 .791 4.379 
.040 30.388 4.601 9699.816 1.483 .663 3.987 
.050 21.217 3.618 4656.982 1.327 .558 3.668 
.060 15.628 2.947 2494.737 1.194 .469 3.397 
.070 11.953 2.461 1443.697 1.077 .391 3.159 
.080 9.402 2.094 884.925 .973 .321 2.947 
.090 7.558 1.808 567.160 .878 .257 2.754 
.100 6.182 1.578 376.689 .791 .198 2.576 
.150 2.690 .896 69.481 .430 -.048 1.842 
.200 1.389 .567 18.266 .143 -.246 1.262 
.250 .788 .379 5.868 -.104 -.421 .768 
.300 .473 .260 2.153 -.325 -.586 .333 
.350 .295 .177 .878 -.530 -.752 -.057 
.400 .189 .115 .400 -.725 -.938 -.398 
.450 .122 .067 .211 -.913 -1.171 -.676 
.500 .080 .034 .130 -1.098 -1.463 -.886 
.550 .052 .016 .088 -1.283 -1.798 -1.054 
.600 .034 .007 .063 -1.471 -2.159 -1.203 
.650 .022 .003 .045 -1.666 -2.542 -1.347 
.700 .013 .001 .032 -1.871 -2.952 -1.493 
.750 .008 .000 .023 -2.092 -3.399 -1.647 
.800 .005 .000 .015 -2.339 -3.898 -1.816 
.850 .002 .000 .010 -2.626 -4.482 -2.010 
.900 .001 .000 .006 -2.987 -5.219 -2.254 
.910 .001 .000 .005 -3.074 -5.397 -2.312 
PROBITa 
.920 .001 .000 .004 -3.169 -5.591 -2.376 
 172 
.930 .001 .000 .004 -3.273 -5.804 -2.445 
.940 .000 .000 .003 -3.390 -6.042 -2.523 
.950 .000 .000 .002 -3.523 -6.313 -2.612 
.960 .000 .000 .002 -3.679 -6.632 -2.716 
.970 .000 .000 .001 -3.870 -7.025 -2.844 
.980 .000 .000 .001 -4.125 -7.546 -3.013 
.990 .000 .000 .001 -4.527 -8.369 -3.281 
a. A heterogeneity factor is used. 
b. Logarithm base = 10. 
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EC50 value at 96 h exposure 
 
 
Confidence Limits 
 95% Confidence Limits for Concentration 95% Confidence Limits for log(Concentration)a 
 
Probabil
ity Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound 
.010 134464.147 2663.346 1.141E9 5.129 3.425 9.057 
.020 31609.204 942.580 1.040E8 4.500 2.974 8.017 
.030 12614.342 487.544 2.276E7 4.101 2.688 7.357 
.040 6320.491 296.879 7255651.546 3.801 2.473 6.861 
.050 3602.728 198.287 2863621.035 3.557 2.297 6.457 
.060 2232.788 140.625 1298043.913 3.349 2.148 6.113 
.070 1467.782 104.035 648678.499 3.167 2.017 5.812 
.080 1008.175 79.426 348591.765 3.004 1.900 5.542 
.090 716.440 62.134 198176.556 2.855 1.793 5.297 
.100 523.139 49.562 117845.192 2.719 1.695 5.071 
.150 142.303 19.422 13709.736 2.153 1.288 4.137 
.200 50.565 9.213 2483.469 1.704 .964 3.395 
.250 20.813 4.851 574.337 1.318 .686 2.759 
.300 9.378 2.722 154.508 .972 .435 2.189 
.350 4.480 1.589 45.892 .651 .201 1.662 
.400 2.223 .950 14.564 .347 -.022 1.163 
.450 1.128 .573 4.833 .052 -.242 .684 
.500 .579 .343 1.657 -.237 -.465 .219 
.550 .297 .198 .591 -.527 -.704 -.228 
.600 .151 .100 .233 -.822 -.998 -.633 
.650 .075 .040 .111 -1.126 -1.399 -.955 
.700 .036 .013 .060 -1.447 -1.889 -1.225 
.750 .016 .004 .032 -1.793 -2.445 -1.491 
.800 .007 .001 .017 -2.179 -3.073 -1.777 
.850 .002 .000 .008 -2.628 -3.810 -2.106 
.900 .001 .000 .003 -3.194 -4.742 -2.515 
.910 .000 .000 .002 -3.330 -4.967 -2.614 
.920 .000 .000 .002 -3.479 -5.212 -2.721 
PROBIT 
.930 .000 .000 .001 -3.642 -5.481 -2.839 
 174 
.940 .000 .000 .001 -3.824 -5.782 -2.970 
.950 .000 .000 .001 -4.032 -6.125 -3.119 
.960 .000 .000 .001 -4.276 -6.529 -3.295 
.970 .000 .000 .000 -4.576 -7.025 -3.511 
.980 .000 .000 .000 -4.975 -7.685 -3.798 
.990 .000 .000 .000 -5.604 -8.725 -4.249 
a. Logarithm base = 10. 
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  15. The EC50 values for AChE activity were calculated from the mean 
enzyme activity of P. australiensis on exposure to fenitrothion 
          
        Ec50 value at 24 h exposure 
 
 
Confidence Limits 
 95% Confidence Limits for Concentration 95% Confidence Limits for log(Concentration)a 
 
Probabil
ity Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound 
.010 506.446 45.482 141578.565 2.705 1.658 5.151 
.020 132.542 17.421 15059.867 2.122 1.241 4.178 
.030 56.621 9.468 3637.214 1.753 .976 3.561 
.040 29.862 5.980 1249.943 1.475 .777 3.097 
.050 17.746 4.113 524.603 1.249 .614 2.720 
.060 11.395 2.989 250.698 1.057 .476 2.399 
.070 7.727 2.258 131.290 .888 .354 2.118 
.080 5.458 1.756 73.615 .737 .244 1.867 
.090 3.978 1.395 43.524 .600 .145 1.639 
.100 2.973 1.129 26.849 .473 .053 1.429 
.150 .891 .463 3.680 -.050 -.334 .566 
.200 .342 .219 .790 -.466 -.659 -.102 
.250 .150 .102 .239 -.823 -.991 -.622 
.300 .072 .040 .105 -1.144 -1.402 -.977 
.350 .036 .014 .059 -1.441 -1.857 -1.231 
.400 .019 .005 .036 -1.723 -2.312 -1.449 
.450 .010 .002 .022 -1.995 -2.759 -1.653 
.500 .005 .001 .014 -2.264 -3.203 -1.850 
.550 .003 .000 .009 -2.532 -3.648 -2.045 
.600 .002 .000 .006 -2.805 -4.102 -2.243 
.650 .001 .000 .004 -3.087 -4.572 -2.446 
.700 .000 .000 .002 -3.384 -5.067 -2.659 
.750 .000 .000 .001 -3.704 -5.603 -2.889 
.800 .000 .000 .001 -4.061 -6.199 -3.145 
PROBIT 
.850 .000 .000 .000 -4.477 -6.895 -3.443 
 176 
.900 .000 .000 .000 -5.001 -7.770 -3.817 
.910 .000 .000 .000 -5.127 -7.982 -3.908 
.920 .000 .000 .000 -5.265 -8.211 -4.006 
.930 .000 .000 .000 -5.416 -8.464 -4.114 
.940 .000 .000 .000 -5.584 -8.746 -4.234 
.950 .000 .000 .000 -5.777 -9.068 -4.372 
.960 .000 .000 .000 -6.003 -9.446 -4.533 
.970 .000 .000 .000 -6.280 -9.911 -4.731 
.980 .000 .000 .000 -6.650 -10.530 -4.995 
.990 .000 .000 .000 -7.232 -11.504 -5.411 
a. Logarithm base = 10. 
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Ec50 value at 48 h exposure 
 
 
 
 
 
 95% Confidence Limits for Concentration 95% Confidence Limits for log(Concentration)a 
 
Probabil
ity Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound 
.010 665.567 52.972 285220.572 2.823 1.724 5.455 
.020 168.183 19.928 27506.459 2.226 1.299 4.439 
.030 70.266 10.708 6242.571 1.847 1.030 3.795 
.040 36.443 6.706 2047.157 1.562 .826 3.311 
.050 21.364 4.580 827.073 1.330 .661 2.918 
.060 13.560 3.309 382.623 1.132 .520 2.583 
.070 9.103 2.487 194.754 .959 .396 2.289 
.080 6.371 1.925 106.448 .804 .284 2.027 
.090 4.605 1.524 61.491 .663 .183 1.789 
.100 3.416 1.228 37.129 .533 .089 1.570 
.150 .992 .496 4.655 -.004 -.304 .668 
.200 .371 .233 .929 -.431 -.633 -.032 
.250 .160 .108 .262 -.797 -.967 -.581 
.300 .075 .041 .111 -1.126 -1.386 -.956 
.350 .037 .014 .060 -1.431 -1.858 -1.219 
.400 .019 .005 .036 -1.720 -2.332 -1.442 
.450 .010 .002 .022 -2.000 -2.799 -1.650 
.500 .005 .001 .014 -2.275 -3.262 -1.851 
.550 .003 .000 .009 -2.550 -3.727 -2.050 
.600 .001 .000 .006 -2.830 -4.201 -2.251 
.650 .001 .000 .003 -3.120 -4.691 -2.458 
.700 .000 .000 .002 -3.424 -5.208 -2.675 
.750 .000 .000 .001 -3.753 -5.767 -2.909 
.800 .000 .000 .001 -4.120 -6.389 -3.170 
.850 .000 .000 .000 -4.546 -7.115 -3.473 
PROBIT 
.900 .000 .000 .000 -5.084 -8.029 -3.855 
 178 
.910 .000 .000 .000 -5.213 -8.250 -3.947 
.920 .000 .000 .000 -5.354 -8.489 -4.047 
.930 .000 .000 .000 -5.509 -8.753 -4.157 
.940 .000 .000 .000 -5.682 -9.048 -4.280 
.950 .000 .000 .000 -5.880 -9.384 -4.420 
.960 .000 .000 .000 -6.112 -9.778 -4.584 
.970 .000 .000 .000 -6.397 -10.264 -4.786 
.980 .000 .000 .000 -6.776 -10.909 -5.055 
.990 .000 .000 .000 -7.373 -11.926 -5.478 
a. Logarithm base = 10. 
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Ec50 value at 72 h exposure 
 
 
Confidence Limits 
 95% Confidence Limits for Concentration 95% Confidence Limits for log(Concentration)b 
 
Probabil
ity Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound 
.010 74.276 4.196 5.005E11 1.871 .623 11.699 
.020 21.341 2.055 1.851E9 1.329 .313 9.267 
.030 9.673 1.302 5.318E7 .986 .115 7.726 
.040 5.334 .921 3693011.504 .727 -.036 6.567 
.050 3.287 .693 423104.403 .517 -.159 5.626 
.060 2.177 .542 67132.256 .338 -.266 4.827 
.070 1.517 .436 13410.101 .181 -.361 4.127 
.080 1.097 .357 3183.313 .040 -.448 3.503 
.090 .818 .296 864.972 -.087 -.529 2.937 
.100 .624 .248 262.284 -.205 -.606 2.419 
.150 .203 .098 2.273 -.692 -1.010 .357 
.200 .083 .013 .186 -1.079 -1.882 -.731 
.250 .039 .001 .083 -1.411 -3.215 -1.079 
.300 .020 .000 .051 -1.709 -4.513 -1.291 
.350 .010 .000 .034 -1.986 -5.737 -1.466 
.400 .006 .000 .024 -2.248 -6.905 -1.625 
.450 .003 .000 .017 -2.502 -8.040 -1.775 
.500 .002 .000 .012 -2.751 -9.158 -1.921 
.550 .001 .000 .009 -3.001 -10.277 -2.065 
.600 .001 .000 .006 -3.255 -11.416 -2.211 
.650 .000 .000 .004 -3.517 -12.593 -2.361 
.700 .000 .000 .003 -3.793 -13.834 -2.519 
.750 .000 .000 .002 -4.092 -15.174 -2.689 
.800 .000 .000 .001 -4.424 -16.667 -2.878 
.850 .000 .000 .001 -4.811 -18.407 -3.097 
.900 .000 .000 .000 -5.298 -20.597 -3.373 
.910 .000 .000 .000 -5.415 -21.126 -3.439 
PROBITa 
.920 .000 .000 .000 -5.543 -21.701 -3.512 
.930 .000 .000 .000 -5.684 -22.333 -3.591 
.940 .000 .000 .000 -5.841 -23.038 -3.680 
.950 .000 .000 .000 -6.020 -23.843 -3.781 
.960 .000 .000 .000 -6.230 -24.789 -3.900 
.970 .000 .000 .000 -6.488 -25.952 -4.046 
.980 .000 .000 .000 -6.832 -27.498 -4.240 
.990 .000 .000 .000 -7.374 -29.934 -4.545 
a. A heterogeneity factor is used. 
b. Logarithm base = 10. 
 180 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 181 
Ec50 value at 96 h exposure 
 
 
Confidence Limits 
 95% Confidence Limits for Concentration 95% Confidence Limits for log(Concentration)b 
 
Probabil
ity Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound 
.010 3.954 1.307 53.597 .597 .116 1.729 
.020 1.913 .774 15.721 .282 -.111 1.196 
.030 1.207 .554 7.240 .082 -.257 .860 
.040 .854 .429 4.050 -.069 -.367 .608 
.050 .644 .348 2.531 -.191 -.458 .403 
.060 .507 .291 1.700 -.295 -.536 .231 
.070 .411 .248 1.203 -.387 -.606 .080 
.080 .340 .214 .885 -.468 -.670 -.053 
.090 .287 .186 .671 -.543 -.729 -.173 
.100 .245 .164 .522 -.611 -.786 -.282 
.150 .127 .089 .199 -.895 -1.050 -.701 
.200 .076 .047 .108 -1.120 -1.328 -.967 
.250 .049 .024 .071 -1.313 -1.614 -1.147 
.300 .033 .013 .051 -1.487 -1.889 -1.289 
.350 .023 .007 .039 -1.648 -2.152 -1.414 
.400 .016 .004 .030 -1.800 -2.405 -1.529 
.450 .011 .002 .023 -1.948 -2.652 -1.639 
.500 .008 .001 .018 -2.093 -2.896 -1.745 
.550 .006 .001 .014 -2.238 -3.140 -1.851 
.600 .004 .000 .011 -2.386 -3.390 -1.957 
.650 .003 .000 .009 -2.539 -3.648 -2.067 
.700 .002 .000 .007 -2.700 -3.920 -2.183 
.750 .001 .000 .005 -2.873 -4.214 -2.307 
.800 .001 .000 .004 -3.066 -4.542 -2.445 
.850 .001 .000 .002 -3.292 -4.924 -2.606 
.900 .000 .000 .002 -3.575 -5.406 -2.808 
.910 .000 .000 .001 -3.644 -5.522 -2.857 
.920 .000 .000 .001 -3.718 -5.648 -2.910 
PROBITa 
.930 .000 .000 .001 -3.800 -5.787 -2.968 
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.940 .000 .000 .001 -3.891 -5.943 -3.033 
.950 .000 .000 .001 -3.995 -6.120 -3.107 
.960 .000 .000 .001 -4.118 -6.328 -3.194 
.970 .000 .000 .001 -4.268 -6.584 -3.301 
.980 .000 .000 .000 -4.468 -6.924 -3.443 
.990 .000 .000 .000 -4.783 -7.460 -3.667 
a. A heterogeneity factor is used. 
b. Logarithm base = 10. 
